REQUEST FORM FOR DIVISIONAL
APPLICATION UNDER 37 CFR 1.53(b)

DOCKET NUMBER: 079195-0664

Prior Application:

Art Unit: 2894

Examiner: PHAM, Thanh V.
BOX New Applications
FEE

Mail Stop New Applications
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

No. 11/000,904, filed on December 2, 2004, entitled SEMICONDUCTOR DEVICE HAVING VIA CONNECTING

BETWEEN INTERCONNECTS (as amended), by the following named inventor(s): Takeshi HARADA.

1. I hereby state that the enclosed application contains no new matter.

2. Oath or Declaration
a. O Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))
i O Deletion of inventor(s)

Signed statement attached deleting inventor(s) named in the prior application, see 37
CFR 1.63(d)(2) and 1.33(b).

3. X Incorporation By Reference (useable if Box 2b is checked)
The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied

under Box 2b, is considered as being part of the disclosure of the accompanying application and is hereby
incorporated by reference therein.

4. X Preliminary Amendment is enclosed.
5. X An Information Disclosure Statement and PTO-1449 Form are submitted herewith.

6. XI  Cancel claims 1-26.

TSMC-1002
1 TSMC Ltd.
IPR2025-01210
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DOCKET NUMBER: 079195-0664

7. The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6

above:
NO. OF EXTRA RATE AMOUNT
CLAIMS CLAIMS
Total Claims 20 -20 0 $50.00 $0.00
Independent Claims 1 -3 0 $210.00 $0.00
Multiple Dependent Claim(s) $0.00
Sheets of specification and drawing ($260.00 for each 50 sheets in excess of 100) $0.00
Basic Filing Fee $310.00
Patent Search Fee $510.00
Patent Examination Fee $210.00
Total of Above Calculations $1,030.00
Less Y% for Small Entity $0.00
Assignment & Recording Fee $0.00
Total Fee $1,030.00
8. O A Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in prior
application and such status is still proper and desired.
9. X PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $1,030.00. Commissioner is
authorized to charge any fees which may be required or credit any overpayment to Deposit Account
No. 500417.
10. [X The Commissioner is hereby authorized to charge fees under 37 CFR 1.16 and 1.17 which may be
required, including any extension of time fees to maintain the pendency of the parent Application No.
11/000,904 or credit any overpayment to Deposit Account No. 500417,
11. X Priority of Application No. 2003-404437 filed on December 3, 2003, in Japan is claimed under 35
USC 119. The certified priority document(s) were filed in Application No. 11/000,904 on
December 2, 2004,
12. X The prior application is assigned of record to
MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
Osaka, Japan
13. X The power of attorney in the prior application is to:
McDermott Will & Emery LLP
14. [ Also enclosed:
2
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DOCKET NUMBER: 079195-0664

15. A petition, fee and response has been filed to extend the term in the pending prior application until .

Address all future communications to: (May only be completed by applicant, or attorney or agent of record)

600 13" Street, N.W.

Washington, DC 20005-3096
Phone: 202.756.8000 MEF:alb
Facsimile: 202.756.8087

Date: September 30, 2008

WDC99 1632488-1.079195.0664

McDermott Will & Emery LLP
600 13th Street, N.W.
Washington, D. C. 20005-3096

Respectfully submitted,

ILL & EMERY LLP

Please #cognize our Customer No. 53080 as our
correspondence address.

Page 3



Docket No.: 079195-0664 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of . Customer Number: 53080

Takeshi HARADA Confirmation Number: Not Yet Assigned
Application No.: Divisional of .

U.S. Serial No. 11/000,904 . Group Art Unit: Not Yet Assigned

Filed: September 30,2008 Examiner: Not Yet Assigned

For: SEMICONDUCTOR DEVICE HAViNG VIA CONNECTING BETWEEN
INTERCONNECTS (as amended)

PRELIMINARY AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
Prior to examination of the above-referenced application, please amend the application as

follows:
Amendments to the Specification begin on Page 2;
Amendments to the Claims begin on Page 3; and

Remarks begin on Page 7.
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IN THE SPECIFICATION:

Please amend the title of the invention as follows:

SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN

INTERCONNECTS

On page 1 of the specification, please amend the first paragraph, spanning lines 5-7 as

follows:

The-diselosure This application is a Divisional of U.S. Application No. 11/000,904, filed

December 2. 2004, claiming priority of Japanese Patent Application No. 2003-404437 filed on

December 2, 2003, including specificationdrawings-and-elaims-is the entire contents of each of

which are incorporated herein by reference in its entirety.
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IN THE CLAIMS:

A listing of the claims presented in this patent application appears below. This listing

replaces all prior versions and listing of claims in this patent application.

Claims 1- 26. (Cancelled)

27. (New) A method for fabricating a semiconductor device comprising the steps of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect, a
dummy hole which is arranged so as to be incapable of having current flow therethrough, and an
interconnect trench connected to the via hole and the dummy hole; and

(d) depositing a conductive material in the via hole, the dummy hole and the interconnect

trench, thereby forming a via, a dummy via and a second interconnect.
28. (New) The method of claim 27, wherein in the step (a) a first dummy interconnect is
simultaneously formed on the semiconductor substrate, and

in the step (c) the dummy hole is connected to the first dummy interconnect.

29. (New) The method of claim 27, wherein in the step (c) the interconnect trench is

comprised of a first interconnect trench portion and a second interconnect trench portion whose
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width is smaller than that of the first interconnect trench portion and which branches from the
first interconnect trench portion, and

the via hole and the dummy hole are connected to the interconnect trench.

30. (New) The method of claim 29, wherein in the step (c) the dummy hole is connected
to the branch point between the first and second interconnect trench portions or to the

interconnect trench near the branch point.

31. (New) The semiconductor device of claim 27, wherein the first insulating film has a

multilayer structure including a SiN film and a SiO; film.

32. (New) The semiconductor device of claim 27, wherein each of the first and second

interconnects is connected to another element or an external electrode.

33. (New) The semiconductor device of claim 27, wherein the first interconnect has a

width smaller than that of the second interconnect.

34. (New) The semiconductor device of claim 28, wherein the first dummy interconnect

has a width smaller than that of the second interconnect.

35. (New) The semiconductor device of claim 27, wherein the via and the dummy via

are substantially circular in a plan view.

Page 7



36. (New) The semiconductor device of claim 27, wherein a planar shape of each of the

via and the dummy via is substantially a square.

37. (New) The semiconductor device of claim 27, wherein the first interconnect and the

second interconnect extend in a same direction.

38. (New) The semiconductor device of claim 27, wherein the dummy via is provided

on an extended line along which the first interconnect extends.

39. The semiconductor device of claim 27, wherein the via and the dummy via are

spaced at a distance of 25 um or less.

40. (New) The semiconductor device of claim 27, wherein a bottom of the dummy via is

located deeper than a bottom of the via.

41. (New) The semiconductor device of claim 27, wherein the second interconnect is
comprised of a first interconnect portion and a second interconnect portion whose interconnect
width is smaller than that of the first interconnect portion and which branches from the first
interconnect portion, and

the via is connected to the second interconnect portion.
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42. (New) The semiconductor device of claim 41, wherein the dummy via is formed at

or near the branch point between the first and second interconnect portions.

43. (New) The semiconductor device of claim 41, wherein the dummy via is
substantially rectangular in a plan view, and
a longer side of the dummy via and a longer side of the first interconnect portion are

provided along a same direction.

44. (New) The semiconductor device of claim 27, wherein the dummy via and the

second interconnect are made of the same conductive film.

45. (New) The semiconductor device of claim 27, wherein the dummy via includes a
first and second end, the first end connected to the second interconnect and the second end

surrounded by a second insulating film.

46. (New) The semiconductor device of claim 27, wherein the dummy via includes a
first and second end, the first end connected to the second interconnect and the second end
connected to a first dummy interconnect, the first dummy interconnect being surrounded by a

second insulating film.
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REMARKS

The specification has been amended to perfect the continuity data and amend the title in

accordance with the amendment made in the parent application, U.S. Serial No. 11/000,904.

Additionally, the amendment cancels claims 1-26, without prejudice. Claims 27-46 have

been added and are pending.

No new matter has been introduced. Entry of this amendment is respectfully requested.

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:alb
Facsimile: 202.756.8087
Date: September 30, 2008

WDC99 1632411-1.079195.0664

Respectfully submitted,

Please recoghize our Customer No. 53080
as our correspondence address.
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REQUEST FORM FOR DIVISIONAL
APPLICATION UNDER 37 CFR 1.53(b)

DOCKET NUMBER: 079195-0664

Prior Application:

Art Unit: 2894

Examiner: PHAM, Thanh V.
BOX New Applications
FEE

Mail Stop New Applications
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

No. 11/000,904, filed on December 2, 2004, entitled SEMICONDUCTOR DEVICE HAVING VIA CONNECTING

BETWEEN INTERCONNECTS (as amended), by the following named inventor(s): Takeshi HARADA.

1. I hereby state that the enclosed application contains no new matter.

2. Oath or Declaration
a. O Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))
i O Deletion of inventor(s)

Signed statement attached deleting inventor(s) named in the prior application, see 37
CFR 1.63(d)(2) and 1.33(b).

3. X Incorporation By Reference (useable if Box 2b is checked)
The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied
under Box 2b, is considered as being part of the disclosure of the accompanying application and is hereby
incorporated by reference therein.

4. X Preliminary Amendment is enclosed.

5. X An Information Disclosure Statement and PTO-1449 Form are submitted herewith.

6. XI  Cancel claims 1-26.
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DOCKET NUMBER: 079195-0664

7. The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6
above:

NO. OF EXTRA RATE AMOUNT
CLAIMS CLAIMS

Total Claims 20 -20 0 $50.00 $0.00
Independent Claims 1 -3 0 $210.00 $0.00
Multiple Dependent Claim(s) $0.00
Sheets of specification and drawing ($260.00 for each 50 sheets in excess of 100) $0.00
Basic Filing Fee $310.00
Patent Search Fee $510.00
Patent Examination Fee $210.00
Total of Above Calculations $1,030.00
Less Y% for Small Entity $0.00
Assignment & Recording Fee $0.00
Total Fee $1,030.00

8. O A Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in prior
application and such status is still proper and desired.

9. X PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $1,030.00. Commissioner is
authorized to charge any fees which may be required or credit any overpayment to Deposit Account
No. 500417.

10. [X The Commissioner is hereby authorized to charge fees under 37 CFR 1.16 and 1.17 which may be
required, including any extension of time fees to maintain the pendency of the parent Application No.
11/000,904 or credit any overpayment to Deposit Account No. 500417,

11. X Priority of Application No. 2003-404437 filed on December 3, 2003, in Japan is claimed under 35
USC 119. The certified priority document(s) were filed in Application No. 11/000,904 on
December 2, 2004,

12. X The prior application is assigned of record to

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
Osaka, Japan

13. X The power of attorney in the prior application is to:
McDermott Will & Emery LLP

14. [ Also enclosed:
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DOCKET NUMBER: 079195-0664

15. A petition, fee and response has been filed to extend the term in the pending prior application until .

Address all future communications to: (May only be completed by applicant, or attorney or agent of record)

600 13" Street, N.W.

Washington, DC 20005-3096
Phone: 202.756.8000 MEF:alb
Facsimile: 202.756.8087

Date: September 30, 2008

WDC99 1632488-1.079195.0664

McDermott Will & Emery LLP
600 13th Street, N.W.
Washington, D. C. 20005-3096

Respectfully submitted,

ILL & EMERY LLP

Please #cognize our Customer No. 53080 as our
correspondence address.
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Docket No.: 079195-0664 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080

Takeshi HARADA Confirmation Number: Not Yet Assigned
Application No.: Divisional of .

U.S. Serial No. 11/000,904 . Group Art Unit: Not Yet Assigned

Filed: September 30, 2008 } Examiner: Not Yet Assigned

For: SEMICONDUCTOR DEVICE HAViNG VIA CONNECTING BETWEEN
INTERCONNECTS (as amended)

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the references listed on the attached form
PTO-1449. 1t is respectfully requested that the references be expressly considered during the
prosecution of this application, and that the references be made of record therein and appear
among the "References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed within three months of the U.S.
filing date OR before the mailing date of a first Office Action on the merits. No certification or
fee is required.

The references were cited by or submitted to the U.S. Patent and Trademark Office in

parent application Serial No. 11/000,904, filed December 2, 2004, which is relied upon for an
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Divisional of U.S. Serial No. 11/000,904

earlier filing date under 35 USC 120. Thus, copies of these references are not attached. 37 CFR

1.98(d).

Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:alb
Facsimile: 202.756.8087
Date: September 30, 2008

WDC99 1632360-1.079195.0664

Respectfully submitted,

Mc TT WILL & EMERY LLP
iChael E. Fpgarty

Registratig No. 36,139

Please recognize our Customer No. 53080
as our correspondence address.
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SHEET 1 OF 1

ATTY. DOCKET NO.

SERIAL NO.

NO.

INFORMATION DISCLOSURE 079195-0664 Divisional of U.S. Serial
STATEMENT BY APPLICANT No. 11/000,904
APPLICANT
Takeshi HARADA
(Substitute for form 1449/PTO) FILING DATE GROUP
September 30, 2008 | Not Yet Assigned
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where Relevant
INITIALS NO. Number-Kind Codez g known) MM-DD-YYYY Document Passages or Relevant Figures Appear
uUs 6,717,267 B1 04-06-2004 KUNIKIYO Corresponds with CN 1304175
us 6,919,637 07/2005 HE et al.
us 2002/0145201 10/2002 ARMBRUST et al.
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Transtation
INITIALS CITE Country Codes-Number 4-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
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Abstract)
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EXAMINER
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.

Include copy of this form with next com
1 Applicant's unique citation designation number (option

WDC99 1632378-1.079195.0664
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INTERCONNECTION STRUCTURE AND

METHOD FOR FORMING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
The disclosure of Japanese Patent Application No. 2003-404437 filed on December
3, 2003 including specification, drawings and claims is incorporated herein by reference in

its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to interconnection structures and methods for forming
the stri;ctures.

To meet recent increase in the speed and integration density of electronic devices
such as semiconductor devices, copper (Cu) having low resistance has been more
frequently used as an interconnect material.

FIG. 19B is a cross-sectional view showing an example of a conventional
multilevel interconnection structure formed by using Cu. As shown in FIG. 19B, a first
interconnect 2 is buried in an insulating film 1 formed on a semiconductor substrate (not
shown), and a SiN film 3, a SiO; film 4 and a FSG (fluorine-doped silicate glass, i.e.,
fluorine-doped silicon oxide) film 5 are formed in this order over the insulating film 1 and
the first interconnect 2. A via hole 6 is formed through the SiO; film 4 and the SiN film 3
to reach the first interconnect 2. An interconnect trench 7 is formed in the FSG film 5 to
reach the via hole 6. A barrier film 8 and a Cu film 9 are buried in this order in the via
hole 6 and the interconnect trench 7, thereby forming a via 10 and a second interconnect 11
in the via hble 6 and the interconnect trench 7, respectively. A SiN film 12 is formed on

the FSG film 5 and the second interconnect 11.
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As shown in FIG. 19B, the first interconnect 2 and the second interconnect 11 are
electrically connected to each other by way of the via 10. Each of the first interconnect 2
and the second interconnect 11 is electrically connected to another element (now shown) or
an external electrode (not shown.) In this manner, the first interconnect 2, the via 10 and
the second interconnect 11 constitute part of a closed circuit in actual use.

FIG. 19C is a plan view showing the multilevel interconnection structure shown in
FIG. 19B when viewed above. As shown in FIG. 19C, the first interconnect 2 has a width
smaller than that of the second interconnect 11. Specifically, the width of the first
interconnect 2 is 0.2 um, the diameter of the via 10 (the via hole 6) is 0.20 pm, and the
width of the second interconnect 11 is 10 pm.

FIGS. 18A through 18C and 19A are cross-sectional views showing respective
process steps of a conventional method for forming the multilevel interconnection structure
shown in FIG. 19B (see Japanese Unexamined Patent Publication (Kokai) No. 2000-
331991.)

First, as shown in FIG. 18A, an insulating film 1 is formed on the surface of a
semiconductor substrate (not shown), and then a first interconnect 2 is formed in the
insulating film 1.

Next, as shown in FIG. 18B, a SiN film 3, a SiO; film 4 and a FSG film § are
formed in this order over the insulating film 1 and the first interconnect 2 by a plasma
chemical vapor deposition (plasma CVD) process. Thereafter, lithography and dry etching
are alternately performed twice (i.e., lithography and dry etching are each performed
twice), thereby forming a via hole 6 through the SiO; film 4 and the SiN film 3 to reach the
first interconnect 2 and also forming an interconnect trench 7 in the FSG film S to reach
the via hole 6.

Then, as shown in FIG. 18C, a barrier film 8 is deposited by a physical vapor
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deposition (PVD). process to fill the via hole 6 and the interconnect trench 7. Then, a Cu
film 9 is formed by a plating process on the barrier film 8 to completely fill the via hole 6
and the interconnect trench 7.

Thereafter, as shown in FIG. 19A, parts of the barrier film 8 and the Cu film 9
extending off} the interconnect trench 7 are removed by a chemical/mechanical polishing
(CMP) process. In this manner, a second interconnect 11 is formed in the interconnect
trench 7, and a via 10 connecting the first interconnect 2 and the second interconnect 11 to
each other is formed in the via hole 6.

Lastly, a SiN film 12 is deposited over the FSG film 5 and the second interconnect

11 (the Cu film 9), thus completing the multilevel interconnection structure shown in FIG.

19B.

SUMMARY OF THE INVENTION

However, this conventional multilevel interconnection structure has the following
drawbacks. A large number of vacancies are present in the Cu film 9 deposited by plating.
When the multilevel interconnection structure is held at high temperature, these vacancies
move along the gradient of stress. Specifically, if compressive stress inside the via 10 is
higher than compressive stress inside the second interconnect 11, i.e., if tensile stress
inside the via 10 is lower than tensile stress inside th¢ second interconnect 11, vacancies
flow from the second interconnect 11 into the via 10. In particular, in a multilevel
interconnection structure as shown in FIGS. 19B and 19C, the volume of the second
interconnect 11 is much greater than that of the via 10, so that a large number of vacancies
flow from the second interconnect 11 into the via 10. As a result, as shown in FIG. 20A,
plastic deformation occurs in a part of the Cu film 9 constituting the via 10, so that a void

13 is created in the via hole 6. If the electrical connection between the first interconnect 2
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and the second interconnect 11 is broken by this void 13, the device malfunctions.

It is therefore an object of the present invention to achieve a highly-reliable
multilevel interconnection structure which does not cause malfunction even when the
structure is held at high temperature.

To achieve the object, a first interconnection structure according to the present

* invention includes: a lower interconnect; an upper interconnect; a first insulating film

provided between the lower interconnect and the upper interconnect; and a secqnd
insulating film provided under the first insulating film, wherein the lower interconnect and
the upper interconnect are connected to each other by way of a via formed in the first
insulating film, at least one dummy via is connected to the upper interconnect, the lower
interconnect is formed in the second insulating film, and the bottom of the dummy via is
located in the second insulating film.

In the first interconnection structure, the dummy via is provided on the upper
interconnect near the via, so that vacancies in a part of a conductive film constituting the
upper interconnect are divided and respectively flow into the via and the dummy via. That
is, the dummy via reduces the stress gradient from the upper interconnect to the via.
Accordingly, even when the interconnection structure is held at high temperature, flowing
of vacancies from the upper interconnect to the via is suppressed. As a result, plastic
deformation of a part of the conductive film constituting the via, i.e., occurrence of a void
inside the via hole, is suppressed, so that a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented.

In addition, in the first interconnection structure, the bottom of the dummy via is
located in the second insulating film below the first insulating film. Therefore, a hole for

forming the dummy via is deeper than a hole for forming the via (i.e., a via hole.)
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Accordingly, the stress gradient between the upper interconnect and the dummy via is
steeper than that between the upper interconnect and the via. As a result, flowing of
vacancies from the part of the conductive film constituting the upper interconnect into the
dummy via precedes that into the via. This more effectively suppresses plastic
deformation of the part of the conductive film constituting the via, i.e., occurrence of a
void in the via hole. As a result, the reliability of the multilevel interconnection structure is
further enhanced.

A dummy via and a dummy interconnect herein means a pseudo via or a pseudo
interconnect which do not constitute a closed circuit in actual use of a device with an
interconnection structure including these via and interconnect (i.e., no current flows therein
during actual use of the device.)

In the first interconnection structure, the bottom of the dummy via may be
connected to a dummy interconnect formed in the second insulating film. Then, a hole for
forming a dummy via is easily formed by etching the first insulating film with the dummy
interconnect used as an etching stopper.

In the first interconnection structure, a third insulating film may be formed on the
upper interconnect, and the dummy via may be formed in the third insulating film such that
the bottom of the dummy via is connected to the upper interconnect.

In the first interconnection structure, the dummy via preferably has a diameter
smaller than that of the via.

Then, the diameter of the hole for the dummy via is smaller than that of the hole for
the via (i.e., the via hole). In other words, the volume of the dummy via is smaller than
that of the via. Accordingly, the stress gradient between the upper interconnect and the
dummy via is steeper than that between the upper interconnect and the via. As a result,

flowing of vacancies from a part of the conductive film constituting the upper interconnect
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into the dummy via precedes that into the via. This more effectively suppresses plastic
deformation of a part of the conductive film constituting the via, 1.e., occurrence of a void
in the via hole. As a result, the reliability of the multilevel interconnection structure is
further enhanced.

In the first interconnection structure, the dummy via is preferably substantially
rectangular in a plan view, and the length of the dummy via and the width of the upper
interconnect are provided along the same direction in the plan view.

Then, vacancies which are present in a part of the conductive film constituting the
upper interconnect opposite the via with respect to the dummy via flow into the dummy
via, so that it is possible to prevent these vacancies from reaching the via. This more
effectively suppresses plastic deformation of a part of the conductive film constituting the
via, 1.e., occurrence of a void in the via hole. As a result, the reliability of the multilevel
interconnection structure is further enhanced.

In the first interconnection structure, the via may be substantially circular in a plan
view, and the dummy via may have a shape different from that of the via in the plan view.

In the first interconnection structure, the dummy via is preferably closer to a center
of the upper interconnect than the via is. In other words, the distance between the via and
the end of the upper interconnect opposite the via with respect to the dummy via (which
will be also referred to as the end of the upper interconnect toward the dummy via) is
preferably longer than the distance between the via and the other end of the upper
interconnect, i.e., the end of the upper interconnect toward the via.

Then, the distance between the via and the end of the upper interconnect toward the
dummy via is longer than the distance between the via and the other end of the upper
interconnect. In other words, a first region in the upper interconnect between the end

thereof toward the dummy via and the via is larger than a second region in the upper
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interconnect between the other end thereof and the via. Therefore, the first region contains
a larger number of vacancies than the second region. In addition, the dummy via is
provided in this first region, so that vacancies more effectively flow into the dummy via.
This more effectively suppresses plastic deformation of a palt’of the conductive film
constituting the via, i.e., occurrence of a void in the via hole. As a result, the reliability of
the multilevel interconnection structure is further enhanced.

In the first interconnection structure, the via and the dummy via are preferably

spaced at a distance of 1 um or less.

Then, the effect of making part of vacancies which are to flow into the via flow into
the dummy via is ensured. The space between a via (a via hole) and a dummy via (a
dummy hole) herein means the space between the edge of the via toward the dummy via
and the edge of the dummy via toward the via. The minimum space is set in accordance
with the minimum isolation width between interconnects or vias defined by the design rule,
for example.

A second interconnection structure according to the present invention includes: a
lower interconnect; an upper interconnect; and a first insulating film provided between the
lower interconnect and the upper interconnect, wherein the lower interconnect and the
upper interconnect are connected to each other by way of a via formed in the first
insulating film, and at least one insulating slit is formed in the upper interconnect.

In the second interconnection structure, the insulating slit is provided in the upper
interconnect near the via, so that the tensile stress on a part of the upper interconnect near
the via is lower than that on the other part of the upper interconnect. That is, the insulating
slit reduces the stress gradient from the upper interconnect to the via. Accordingly, even
when the interconnection structure is held at high temperature, flowing of vacancies from

the upper interconnect toward the via is suppressed. In addition, the insulating slit is made
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of a material different from that for a conductive film constituting the upper interconnect
and the via, so that the insulating slit acts as a barrier against movement of atoms or
vacancies in the conductive film. This prevents convection of atoms inside the upper
interconnect and the via or accumulation of vacancies on the bottom of the via. As a
result, plastic deformation of a part of the conductive film constituting the via, ie,
occurrence of a void inside the via hole, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction even when held at high
temperature is implemented.

In the second interconnection structure, the insulating slit may be a part of the first
insulating film provided between the lower interconnect and the upper interconnect, for
example.

In the second interconnection structure, the insulating slit may be in contact with a
portion of the upper interconnect connected to the via. In such a case, if the insulating slit
is substantially rectangular in a plan view, the length of the insulating slit is greater than or
equal to twice and less than or equal to four times as large as the diameter of the via in the
plan view, and a longer side of the insulating slit in the plan view is in contact with the
portion of the upper interconnect connected to the via, the foregoing advantages are
obtained.

In the second interconnection structure, it is preferable that the insulating slit is
substantially rectangular in a plah view, the length of the insulating slit is greater than or
equal to twice and less than or equal to ten times as large as the diameter of the via in the
plan view, and the length of the insulating slit and the width of the upper interconnect are
provided along the same direction in the plan view.

Then, even in a case where the insulating slit is apart from a portion of the upper

interconnect connected to the via, the following advantage is obtained. Flowing of

Page 29



10

15

20

25

vacancies which are present in a part of a conductive film cdnstituting the upper
interconnect opposite the via with respect to the insulating slit is blocked by the insulating
slit, so that these vacancies do not reach the via. In addition, the insulating slit is closer to
the center of the upper interconnect than the via is. In other words, the distance between
the via and the end of the upper interconnect opposite the via with respect to the insulating
slit (which will be also referred to as the end of the upper interconnect toward the
insulating slit) is longer than the distance between the via and the other end of the upper
interconnect, i.e., the end of the upper interconnect toward the via, so that a first region in
the upper interconnect between the end thereof toward the insulating slit and the via is
larger than a second region in the upper interconneét between the other end thereof and the
via. Therefore, the first region contains a larger number of vacancies than the second
region. In addition, the insulating slit is provided in this first region, so that movement of
vacancies is more effectively prevented by the insulating slit. This more effectively
suppresses plastic deformation of a part of the conductive film constituting the via, 1.e,
occurrence of a void in the via hole. As a result, the reliability of the multilevel
interconnection structure is further enhanced.

In the second interconnection structure, the insulating slit is preferably closer to a
center of the upper interconnect than the via is.

In the second interconnection étructure, the via and the insulating slit are preferably
spaced at a distance of 1 pm or less.

Then, the effect of preventing movement of vacancies which are to flow into the
via by using the insulating slit is obtained. The space between a via (a via hole) and an
insulating slit herein means the space between the edge of the via toward the insulating slit
and the edge of the insulating slit toward the via. As described above, the insulating slit

may be in contact with the portion of the upper interconnect connected to the via. In this
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case, the space between the via and the insulating slit is zero.

A third interconnection struéture according to the present invention includes: a
lower interconnect; an upper interconnect; and a first insulating film provided between the
lower interconnect and the upper interconnect, wherein the lower interconnect and the
upper interconnect are connected to each other by way of a via formed in the first
insulating film, the upper interconnect is divided into a first interconnect portion having a
relatively large interconnect width and a second interconnect portion having a relatively
small interconnect width, the via is connected to the second interconnect portion, at least
one dummy portion connected to the upper interconnect is provided on the first insulating
film, and a distance between the dummy portion and a branch point between the first
interconnect portion and the second interconnect portion is smaller than a distance between
the dummy portion and an edge of the second interconnect portion opposite to the branch
point. |

In the third interconnection structure, not only advantages similar to those obtained
by the first interconnection structure but also the following advantage is obtained.
Vacancies which are to enter a second interconnect portion (a narrow interconnect portion)
from a first interconnect portion (a wide interconnect portion) and flow into the via are
effectively captured in the dummy portion. As a result, the number of devices
malfunctioning when being held at h_igh temperature is further reduced.

In the third interconnection structure, the dummy portion may be connected' to the
first interconnect portion or the second interconnect portion, and a distance between the
dummy portion and the branch point may be smaller than a distance between the dummy
portion and an edge of the second interconnect portion opposite to the branch point. The
distance between the dummy portion and the branch point may be 1 um or less. The

dummy portion may have a shape similar to that of the via or be substantially rectangular
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in a plan view.

In the third interconnection structure, if the second interconnect portion has an
interconnect width of 0.20 um or less, the foregoing advantages are more remarkable than
those in a conventional interconnection structure.

5 A first method for forming an interconnection structure according to the present
invention includes the steps of> depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the lower interconnect, at least one
dummy hole located near the via hole, and an upper interconnect trench connected to the
via hole and the dummy hole; and depositing a conductive material in the upper

10 interconnect trench, the via hole and the dummy hole, thereby forming an upper

interconnect, a via for connecting the lower interconnect and the upper interconnect to each
other, and a dummy via connected to the upper interconnect and insulated from the lower
interconnect, wherein the lower interconnect is formed in a second insulating film under
the first insulating film, and the dummy hole is formed such that the bottom of the dummy

15 hole is located in the second insulating film.

With the first method, the first interconnection structure according to the present
invention is formed, so that advantages similar to those obtained by the first
interconnection structure are obtained. To form a via or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

20 A second method for forming an interconnection structure according to the present
invention includes the steps of: depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the lower interconnect and an
upper interconnect trench connected to the via hole; depositing a conductive material in
the upper interconnect trench and the via hole, thereby forming an upper interconnect and

25 a via for connecting the lower interconnect and the upper interconnect to each other;
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depositing a second insulating film on the upper interconnect, forming, in the second
insulating film, a dummy hole reaching the upper interconnect and located near the via;
and depositing a conductive material in the dummy hole, thereby forming at least one
dummy via. .

5 With the second method, the first interconnection structure according to the present
invention is formed, so that advantages similar to those obtained by the first
interconnection structure are obtained. To form a via or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

In the first or secqnd method, the via hole and the dummy hole are preferably

10  spaced at a distance of 1 pm or less.

Then, part of vacancies which are to flow into the via flow into the dummy via.

A third method for forming an interconnection structure according to the present
invention includes the steps of: depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the lower interconnect and an

15 upper interconnect trench connected to the via hole; and depositing a conductive material
in the upper interconnect trench and the via hole, thereby forming an upper interconnect
and a via for connecting the lower interconnect and the upper interconnect to each other,
wherein the step of forming the via hole and the upper interconnect trench includes the step
of leaving part of the first insulating film in the upper interconnect trench near the via hole,

20 thereby forming an insulating slit.

With the third method, the second interconnection structure according to the
present invention is formed, so that advantages similar to those obtained by the second
interconnection structure are obtained. To form a via or am upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

25 A fourth method for forming an interconnection structure according to the present

12
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invention includes the steps of: depositing a first insulating film on a lower interconnect,
forming, in the first insulating film, a via hole reaching the lower interconnect, an upper

interconnect trench connected to the via hole and divided into a first trench with a

 relatively large width and a second trench with a relatively small width, and a recess

provided near a branch point between the first trench and the second trench; and depositing
a conductive material in the upper interconnect trench, the via hole and the recess, thereby
forming an upper interconnect, a via for connecting the lower interconnect and the upper
interconnect to each other and a dummy portion connected to the upper interconnect and
insulated from the lower interconnect, wherein a first interconnect portion constituting the
upper interconnect is formed in the first trench and a second interconnect portion
constituting the upper interconnect is formed in the second trench.

With the fourth method, the third interconnection structure according to the present
invention is formed, so that advantages similar to those obtained by the third
interconnection structure are obtained. To form a via or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

As described above, according to the present invention, a dummy via or an
insulating slit is provided on/in the upper interconnect near via, so that it is possible to
prevent flowing of vacancies from an upper interconnect toward a via constituting a closed
circuit together with the upper interconnect in actual use. Accordingly, plastic deformation
of a part of a conductive film constituting the via, i.e., occurrence of a void in a via hole, is
suppressed, resulting in a highly-reliable multilevel interconnection structure. The present
invention relates to interconnection structures and methods for forming the structures, and

is useful especially when applied to electronic devices such as semiconductor devices.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIGS. 1A through 1C are cross-sectional views showing respective process steps of
a method for forming an interconnection structure according to a first embodiment of the
present invention.

FIGS. 2A and 2B are cross-sectional views showing respective process steps of the
method for forming the interconnection structure of the first embodiment, and FIG. 2Cis a
plan view showing the interconnection structure of the first embodiment.

FIG. 3 is a graph showing how an effect achieved by the first embodiment (i.e, the
effect of suppressing malfunction after a device has been held at high temperature)
depends on a via—to-dummy via space.

FIG. 4 is a plan view showing an interconnection structure according to a modified
example of the first embodiment.

FIG. 5 is a graph showing how an effect achieved by the modified example of the
first embodiment (i.e., the effect of suppressing malfunction after a device has been held at
high temperature) depends on an interconnect width (i.e., the width of a narrow
interconnect on which a via is formed.)

FIGS. 6A ’;hrough 6C are cross-sectional views showing respective process steps of
a method for forming an interconnection structure according to a second embodiment of
the present invention.

FIGS. 7A and 7B are cross-sectional views showing respective process steps of the
method for forming the interconnection structure of the second embodiment, and FIG. 7C
is a plan view showing the interconnection structure of the second embodiment.

FIG. 8A is a cross-sectional view showing an interconnection structure according to
a third embodiment of the present invention, and FIG. 8B is a plan view showing the
interconnection structure of the third embodiment.

FIG. 9A is a cross-sectional view showing an interconnection structure according to
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a fourth embodiment of the present invention, and FIG. 9B is a plan view showing the
interconnection structure of the fourth embodiment.

FIG. 10 is a plan view showing an interconnection structure according to a
modified example of the fourth embodiment.

FIGS. 11A through 11C are cross-sectional views showing respective process steps
of a method for forming an interconnection structure according to a fifth embodiment of
the present invention.

FIGS. 12A through 12C are cross-sectional views showing respective process steps
of the method for forming the interconnection structure of the fifth embodiment.

FIGS. 13A and 13B are cross-sectional views showing respective process steps of
the method for forming the interconnection structure of the fifth embodiment, and FIG.
13C is a plan view showing the interconnection structure of the fifth embodiment.

FIGS. 14A through 14C are cross-sectional views showing respective process steps
of a method for forming an interconnection structure according to a sixth embodiment of
the present invention.

FIGS. 15A and 15B are cross-sectional views showing respective process steps of
the method for forming the interconnection structure of the sixth embodiment, and FIG.
15C is a plan view showing the interconnection structure of the sixth embodiment.

FIG. 16 is a graph showing an effect achieved by the sixth embodiment (i.e., the
effect of suppressing malfunction after a device has been held at high temperature).

FIG. 17A is a cross-sectional view showing an interconnection structure according
to a seventh embodiment of the present invention, and FIG. 17B is a plan view showing the
interconnection structure of the seventh embodiment.

FIGS. 18A through 18C are cross—sec;tional views showing respective process steps

of a conventional method for forming an interconnection structure.
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FIGS. 19A and 19B are cross-sectional views showing respective process steps of
the conventional method for forming an interconnection structure, and FIG. 19C is a plan
view showing the conventional interconnection structure.

FIG. 20A is a view for explaining problems in the conventional interconnection
structure, and FIG. 20B is an illustration for explaining a result of an examination carried

out by the present inventor on problems in the conventional interconnection structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Principle of the present invention)

First, for a phenomenon in which a void occurs in a via hole in a con\}entional
multilevel interconnection structure, a result of an examination carried out by the present
inventor (i.e., a mechanism of this phenomenon) will be described.

A metal film is affected by its surrounding films depending on an interconnection
structure including the metal film. For example, as shown in FIG. 20B, a metal film (e.g,
a Cu film) formed in part of an interconnect trench with a narrow interconnect width
provided in an insulating film is slightly stretched by its surrounding insulating films. That
is, this Cu film is under relatively low tensile stress. On the other hand, a Cu film formed
in part of the interconnect trench with a wide interconnect width in the insulating film is
strongly stretched by its surrounding insulating films. That is, this Cu film is under
relatively high tensile stress. Such tensile stress occurs mainly because of the difference in
a thermal expansion coefficient between a metal film and an insulating film or because of
shrinkage of the metal film resulting from thermal load in a subsequent step. The tensile
stress greatly changes depending on the shapes of the interconnect trench and the via hole,
the placement density and others.

A metal film made of Cu or another metal generally has a crystal structure in which

i6
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atoms are relatively regularly arranged immediately after formation of the film. To form a
Cu film, which is mainly used as an interconnect material, is generally formed by
electroplating. The Cu film formed by electroplating contains a large number of vacancies.
In addition, in the interconnection structure shown in FIG. 20B, vacancies contained in the
Cu film are more likely to gather in a portion of the Cu film where tensile stress is low than
in a portion thereof Whére tensile stress is high. This is because stress applied from the
neighboring insulating films to the crystal structure of the Cu film is relaxed by entering of
vacancies into the portion of the Cu film with low tensile stress, i.e., entering of Cu atoms
into the portion of the Cu film with high tensile stress.

Accordingly, when the flexibility of Cu atoms and vacancies is enhanced by, for
example, application of heat to the interconnection structure, vacancies move along the
stress gradient in the Cﬁ film, i.e., move from the portion of the Cu film with high tensile
stress to the portion of the Cu film with low tensile stress (where the direction of
movement of Cu atoms is opposite to that of vacancies.) As a result, vacancies readily
gather in part of the interconnection structure with a narrow interconnect width or the
bottom or corners of the interconnect, and thus voids readily occur.

Based on the foregoing finding, the following embodiments of the present
invention are made to implement a technical idea in which the stress gradient in a
conductive film serving as an interconnect is reduced so as to suppress the movement of
vacancies in the conductive film and thereby to avoid occurrence of a void in the
interconnect after formation thereof.

EMBODIMENT 1: A case where a via and a dummy via are provided in the same layer
(basic structure)
Hereinafter, an interconnection structure and a method for forming the structure

according to a first embodiment of the present invention will be described with reference to
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the drawings.

FIG. 2B is a cross-sectional view showing the interconnection structure of the first
embodiment. As shown in FIG. 2B, a first interconnect 102A and a dummy interconnect
102B are buried in an insulating film 101 formed on the semiconductor substrate (not
shown). A SiN film 103, a SiO; film 104 and an FSG film 105 are stacked over the
insulating film 101, the first interconnect 102A and the dummy interconnect 102B. A via
hole 106A and a dummy via hole (dummy hole) 106B are formed in the SiO; film 104 and
the SiN film 103 to reach the first interconnect 102A and the dummy interconnect 102B,
respectively. An interconnect trench 107 is formed in the FSG film 105 to be connected to
the via hole 106A and the dummy hole 106B. A barrier film 108 and a Cu film 109 are
buried in this order in the via hole 106A, the dummy hole 106B and the interconnect trench
107, thereby forming a via 110A, a dummy via 110B, and a second interconnect 111 in the
via hole 106A, the dummy hole 106B and the interconnect trench 107, respectively. The
dummy via 110B is connected to the second interconnect 111 near the via 110A. A SiN
film 112 is formed on the FSG film 105 and the second interconnect 111.

As shown in FIG. 2B, the first interconnect 102A and the second interconnect 111
are electrically connected to each other by way of the via 110A. Each of the first
interconnect 102A and the second interconnect 111 is electrically connected to another
element (now shown) or an external electrode (not shown.) In this manner, the first
interconnect 102A, the via 110A and the second interconnect 111 constitute part of a
closed circuit in actual use. On the other hand, neither the dummy interconnect 102B nor
the dummy via 110B constitutes a closed circuit in actual use. That is, even if the dummy
interconnect 102B and the dummy via 110B are omitted in the interconnection structure
shown in FIG. 2B, a device with this interconnection structure is operable at least

immediately after fabrication.
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FIG. 2C 1s a plan view showing the multilevel interconnection structure shown in
FIG. 2B when viewed above. As shown in FIG. 2C, in this embodiment, each of the first
interconnect 102A and the dummy interconnect 102B has a width smaller than that of the
second interconnect 111. Specifically, the width of each of the first interconnect 102A and
the dummy interconnect 102B is, for example, 0.2 pm, the diameter of each of the via
110A (the via hole 106A) and the dummy via 110B (the dummy hole 106B) is, for
example, 0.20 um, and the width of the second interconnect 111 is, for example, 10 pm.
The space between the via 110A and the dummy via 110B, more specifically, the space
between the edge of the via 110A toward the dummy via 110B and the edge of the dummy
via 110B toward the via 110A is 0.2 um, for example. In the present invention, if the
planar shape (the shape in plan view) of a via (via hole) is a circle, the diameter of the via
(via hole) is the diameter of this circle whereas if the planar shape of the via (via hole) is a
square, the diameter of the via (via hole) is the length of a side of this square.

FIGS. 1A through 1C and FIG. 2A are cross-sectional views showing respective
process steps of a method for forming the multilevel interconnection structure shown in
FIG. 2B according to the first embodiment.

First, as shown in FIG. 1A, an insulating film 101 is formed on the surface of a
semiconductor substrate (not shown), and then a first interconnect 102A and a dummy
interconnect 102B are formed in the insulating film 101.

Next, as shown in FIG. 1B, a SiN film 103, a SiO; film 104 and a FSG film 105 are
formed in this order over the insulating film 101, the first interconnect 102A and the
dummy interconnect 102B by a plasma CVD process, for example. Thereafter,
lithography and dry etching are alternately performed twice (i.e., lithography and dry
etching are each performed twice), thereby forming a via hole 106A and a dummy hole

106B in the SiO; film 104 and the SiN film 103 to reach the first interconnect 102A and
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the dummy interconnect 102B, respectively, and also forming an interconnect trench 107
in the FSG film 105 to reach the via hole 106A and the dummy hole 106B.

Then, as shown in FIG. 1C, a barrier film 108 is deposited by a PVD process, for
example, to partly ﬁll-the via hole 106A, the dummy hole 106B and the interconnect trench
107. Then, a Cu film 109 is formed by a plating process, for example, on the barrier film
108 to completely fill the via hole 106A, the dummy hole 106B and the interconnect trench
107.

Thereafter, as shown in FIG. 2A, parts of the barrier film 108 and the Cu film 109
extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to éonnect the first interconnect 102A
and the second interconnect 111 to each other, and a dummy via 110B is formed in the
dummy hole 106B to connect the dummy interconnect 102B and the second interconnect
111 to each other. The dummy via 110B is not connected to the first interconnect 102A.

Lastly, a SiN film 112 is deposited over the FSG film 105 and the second
interconnect 111 (the Cu film 109), thus completing the multilevel interconnection
structure shown in FIG. 2B.

With the foregoing interconnection structure and the method for forming the
structure according to the first embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 110B is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy via 110B. That is, the dummy via

110B reduces the number of vacancies flowing into each via so that the stress gradient
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from the second interconnect 111 to the via 110A is reduced. Accordingly, even when the
interconnection structure is held at high temperature, flowing of vacancies from the second
interconnect 111 into the via 110A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction even when held at high
temperature is implemented.

In the first embodiment, the dummy interconnect 102B is provided under the
dummy via 110B (the dummy hole 106B). Accordingly, the dummy hole 106B is easily
formed by etching the SiO; film 104 and the SiN film 103 with the dummy interconnect
102B used as an etching stopper.

In the first embodiment, the space between the via 110A and the dummy via 110B
(i.e., the space between the via hole 106A ahd the dummy hole 106B: hereinafter referred
to as a via-to-dummy via space) is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the dummy via
110B, the via-to-dummy via space is preferably 25 um or less and is more preferably 1 um
or less. The minimum via-to-dummy via space can be set in accordance with the minimum
isolation width (e.g., 0.2 um) between interconnects or vias defined by the design rule, for
example. If the minimum isolation width between interconnects is set substantially equal
to the minimum interconnect width, the minimum via-to-dummy via space may be set in
accordance with the minimum interconnect width.

FIG. 3 shows how an effect achieved by the present invention (i.e., the effect of
suppressing malfunction after a device has been held at high temperature) depends on a
via-to-dummy via space. In FIG. 3, the ordinate indicates “the number of devices

malfunctioning after being held at high temperature” and the abscissa indicates “via-to-
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dummy via space (um)”. The “without dummy via” in the abscissa corresponds to a case
where the via-to-dummy via space is unlimited. As shown in FIG. 3, as the via-to-dummy
via space decreases, the number of malfunctioning devices decreases. In other words, the
effect of the present invention becomes remarkable. This is because as the via-to-dummy
via space decreases, vacancies which are to gather in the via are more likely to be absorbed
in the dummy via.

However, as shown in FIG. 3, when the via-to-dummy via space is 30 um or more,
it is difficult to effectively suppress occurrence of a void in the via by using the dummy
via. This is because of the following reason. Vacancies moves within a limited range and
therefore it is difficult for the dummy via to absorb vacancies which are to enter the via
when the via-to-dummy via space is large. Accordingly, when the via-to-dummy via space
is large, especially when the via-to-dummy via space greatly exceeds 30 um, the incidence
of voids is substantially equal to that in the case of “without duminy via”. As a result, the
number of devices malfunctioning after being held at high temperature is not sufficiently
reduced.

In the first embodiment, the number of dummy vias 110B provided for one via
110A is preferably as large as possible. Specifically, it is preferable to provide dummy
vias 110B as many as possible on a part of the second interconnect 111 where the dummy
vias 110B do not affect circuit operation.

MODIFIED EXAMPLE OF EMBODIMENT 1

Hereinafter, an interconnection structure and a method for forming the structure
according to a modified example of the first embodiment will be described with reference
to the drawings.

FIG. 4 is a plan view showing the interconnection structure of the modified

example of the first embodiment.
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As shown in FIG. 4, this modified example is different from the first embodiment
(see FIG. 2C) in the following ways. First, the second interconnect 111 includes: a wide
interconnect portion 11la héving a width of 10 pm, for example; and a narrow
interconnect portion 111b having a width of 0.20 um, for example, and branching off from
the wide interconnect portion 111a. Second, the via 110A (the via hole 106A) is
connected to the narrow interconnect portion 111b. Third, a plurality of dummy vias 110B
(the dummy holes 106B) are connected to the branch point between the wide interconnect
portion 111a and the narrow interconnect portion 111b and to portions of the wide
interconnect portion 111a near the branch point.

That is, the method for forming the interconnection structure according to this
modified example is different from that of the first embodiment in that in the process step
shown in FIG. 1B, the interconnect trench 107 divided into a first trench with a relatively
large width is formed and a second trench with a relatively small width and the dummy
holes 106B are also formed near the branch point between the first trench and the second
trench.

In this modified example, not only the advantages obtained by the first embodiment
but also the following advantage is obtained. Vacancies which are to enter the narrow
interconnect portion 111b from the wide interconnect portion 111a and flow into the via
110A are effectively captured in the dummy vias 110B. As a result, the number of devices
malfunctioning when being held at high temperature is further reduced.

In this modified example, one or more dummy vias 110B (dummy holes 106B)
may be connected to the branch point between the wide interconnect portion 111a and the
narrow interconnect portion 111b or portions of the wide interconnect bortion 111a near
the branch point. However, the dummy vias 110B are not necessarily provided only at the

branch point or its neighboring portions. For example, if a dummy via 110B is located in
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part of the narrow interconnect portion 111b relatively near the wide interconnect portion
111a, most of vacancies which are to enter the via 110A are captured in the dummy via
110B before reaching the via 110A. Accordingly, it is possible to prevent occurrence of a
void in the via 110A.

In this modified example, the distance between the branch point and each of the
dummy vias 110B is preferably smaller than the distance between an edge of the wide
interconnect portion 111a opposite to the branch point and each of the dummy vias 110B.

In this modified example, dummy vias 110B each having substantially the same
shape as that of the via 110A in plan view are provided. Alternatively, dummy portions
each having a shape (e.g., a rectangle) different from that of the via 110A in plan view may
be provided.

FIG. 5 shows how an effect achieved by the dummy via 110B of this modified

example (i.e., a dummy portion formed in part of the wide interconnect portion 111a near

the branch point, for example) depends on a via-formed interconnect width (i.e., the width
of the narrow interconnect portion 111b where the via 110A is formed.) In FIG. 5, the
ordinate indicates “the number of devices malfunctioning after being held at high
temperature” and the abscissa indicates “via-formed interconnect width (um)”. The
“without dummy via” in the abscissa corresponds to a case where no dummy via 110B is
provided on the wide interconnect portion 111a near the branch point. As shown in FIG.
5, in a case where the width of the< interconnect portion 111b on which the via 110A is
formed is about 10 pm, i.e, the width of the interconnect portion 111b is substantially
equal to that of the interconnect portion 111a to which the interconnect portion 111b is
connected, even if a dummy via (dummy portion) is formed near the branch point between
these interconnect portions, the number of malfunctioning devices does not change greatly.

That is, if the width of the interconnect portion 111b on which the via 110A is formed is
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relatively large, the interconnect portion 111b contains a large amount of metal.
Accordingly, this interconnect portion 111b is likely to contain a large number of defects
such as voids caused by the presence of metal. As a result, the number of malfunctioning
devices is relatively large depending on the amount of metal contained in the interconnect
portion 111b.

On the other hand, as the width of the interconnect portion 111b on which the via
110A is formed decreases, the amount of metal contained in tﬁe interconnect portion 111b
decreases. Accordingly, the number of defects occurring in the interconnect portion 111b
due to the presence of metal slightly decreases. However, as the interconnect portion 111b
becomes narrower, the diameter of the via 110A provided on the interconnect portion 111b
decreases, so that defects such as voids are more likely to concentrate in the via 110A. In
view of this, as shown in FIG. 4, the dummy via (dummy portion) 110B is formed near the
branch point between the narrow interconnect portion 111b on which the via 110A is
formed and the wide interconnect portion 111a. In this manner, the incidence of
malfunction is reduced in accordance with reduction of the interconnect width of the
narfow interconnect portion 111b, as shown in FIG. 5. This is because the number of
defects occurring in the metal film decreases with reduction of the interconnect width and,
in addition, defects which are to concentrate in the via are absorbed in the dummy vias in
advance. Specifically, as the width of the interconnect portion 111b on which thé via
110A is formed decreases, i.e., the diameter of the via 110A decreases, a larger number of
defects are absorbed in the dummy vias 110B. This absorbing effect is remarkable
especially when the width of the narrow interconnect portion 111b is about 0.20 um or
less, as shown in FIG. S.

EMBODIMENT 2: A case where a via and a dummy via are provided in the same layer

(without a dummy interconnect)
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Hereinafter, an interconnection structure and a method for forming the structure
according to a second embodiment of the present invention will be described with
reference to the drawings.

FIG. 7B is a cross-sectional view showing the interconnection structure of the
second embodiment. FIG. 7C is a plan view showing the multilevel interconnection
structure shown in FIG. 7B when viewed from above. In FIGS. 7B and 7C, components
already described in the first embodiment with reference to FIGS. 1A through 1C and 2A
through 2C are denoted by the same reference numerals, and detailed description thereof
will be omitted.

As shown in FIGS. 7B and 7C, the second embodiment is different from the first
embodiment in the following ways. The dummy interconnect 102B is not provided, a
dummy hole 106C deeper than the dummy hole 106B is provided instead of the dummy
hole 106B, and a dummy via 110C is formed in the dummy hole 106C instead of the
dummy via 110B. That is, the bottom of the dummy via 110C (the dummy hole 106C) is
located in an insulating film 101, and the dummy hole 106C is deeper than a via hole
106A.

In this embodiment, the dummy via 110C is also connected to a second
interconnect 111 near the via 110A.

As shown in FIG. 7B, the dummy via 110C does not constitute a closed circuit in
actual use. In other words, even if the dummy hole 106C is omitted in the interconnection
structure shown in FIG. 7B, a device with this interconnection structure is operable at least
immediately after fabrication.

In addition, in this embodiment, a first interconnect 102A has a width smaller than
that of the second interconnect 111, as shown in FIG. 7C. Specifically, the width of the

first interconnect 102A is, for example, 0.2 um, the diameter of each of the via 110A (the
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via hole 106A) and the dummy via 110C (the dummy hole 106C) is, for example, 0.20 pm,
and the width of the second interconnect 111 is, for example, 10 um. The space between
the via 110A and the dummy via 110C, more specifically, the space between the edge of
the via 110A toward the dummy via 110C and the edge of the dummy via 110C toward the
via 110A is 0.2 pm, for example.

FIGS. 6A through 6C and 7A are cross-sectional views showing respective process
steps of a method for forming the multilevel interconnection structure shown in FIG. 7B
according to the second embodiment.

First, as shown in FIG. 6A, an insulating film 101 is formed on the surface of a
semiconductor substrate (not shown), and then a first interconnect 102A is formed in the
insulating film 101.

Next, as shown in FIG. 6B, a SiN film 103, a SiO, film 104 and a FSG film 105 are
formed in this order over the insulating film 101 and the first interconnect 102A by a
plasma CVD process, for example. Thereafter, lithography and dry etching are alternately
performed twice (i.e., lithography and dry etching are each performed twice), thereby
forming a via hole 106A in the SiO; film 104 and the SiN film 103 to reach the first
interconnect 102A and also forming a dummy hole 106C in the SiO; film 104, the SiN
film 103 and the insulating film 101. In addition, an interconnect trench 107 is formed in
the FSG film 105 to reach the via hole 106A and the dummy hole 106C.

Then, as shown in FIG. 6C, a barrier film 108 is deposited by a PVD process, for
example, to partly fill the via hole 106A, the dummy hole 106C and the interconnect
trench 107. Then, a Cu film 109 is formed by a plating process, for example, on the barrier
film 108 to completely fill the via hole 106A, the dummy hole 106C and the interconnect
trench 107.

Thereafter, as shown in FIG. 7A, parts of the barrier film 108 and the Cu film 109
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extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to connect the first interconnect 102A
and the second interconnect 111 to each other. A dummy via 110C connected only to the
second interconnect 111 is formed in the dummy hole 106C. In other words, the dummy
via 110C is not connected to the first interconnect 102A.

Lastly, a SiN film 112 is deposited over the FSG film 105 and the second

.interconnect 111 (the Cu film 109), thus completing the multilevel interconnection

structure shown in FIG. 7B.

With the foregoing interconnection structure and the method for forming the
structure according to the second embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 110C is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy via 110C. That is, the dummy via
110C reduces the number of vacancies flowing into each via so that the stress gradient
from the second interconnect 111 to the via 110A is reduced. Accordingly, even when the
interconnection structure is held at high temperature, flowing of vacancies from the second
interconnect 111 into the via 110A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction even when held at high
temperature is implemented.

In the second embodiment, the resultant multilevel interconnection structure is
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more reliable than that obtained in the first embodiment. This is because of the following
reasons. In this embodiment, the dummy hole 106C is deeper than the via hole 106A.
Accordingly, the stress gradient between the second interconnect 111 and the dummy via
110C is steeper than that between the second interconnect 111 and the via 110A, so that
flowing of vacancies from the part of the conductive film (the Cu film 109) constituting the
second interconnect 111 into the dummy via 110C precedes that into the via 110A. This
more effectively suppresses plastic deformation of the part of the conductive film (the Cu
film 109) constituting the via I10A, i.e., occurrence of a void in the via hole 106A. As a
result, the resultant multil_evel interconnection structure is more reliable than that obtained
in the first embodiment.

In the second embodiment, the space between the via 110A and the dummy via
110C (i.e., the space between the via hole 106A and the dummy hole 106C: hereinafter
referred to as a via-to-dummy via space) is preferably as small as possible. To obtain the
effect of reducing the number of vacancies flowing into the via 110A by using the dummy
via 110C, the via-to-dummy via space is preferably 25 pm or less and is more preferably 1
pum or less. Then, the effect of making part of vacancies which are to flow into the via
110A flow into the dummy via 110C is ensured. The minimum via-to-dummy via space
can be set in accordance with the minimum isolation width (e.g., 0.2 pum) between
interconnects or vias defined by the design rule, for example. If the minimum isolation
width between interconneéts is set substantially equal to the minimum interconnect width,
the minimum via-to-dummy via space may be set in accordance with the minimum
interconnect width.

In the second embodiment, the number of dummy vias 110C provided for one via
110A is preferably as large as possible. Specifically, it is preferable to provide dummy

vias 110C as many as possible on a part of the second interconnect 111 where the dummy
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vias 110C do not affect circuit operation.

In addition, in the second embodiment, if the second interconnect 111 includes a
wide interconnect portion having a width of, for example, about 10 um and a narrow
interconnect portion having a width of, for example, about 0.20 um or less and branching
off from the wide interconnect portion and if the via 110A (the via hole 106A) is connected
to the narrow interconnect portion, one or more dummy vias 110C (dummy holes 106C)
are preferably connected to the branch point between the wide interconnect portion and the
narrow interconnect portion or to part of the wide interconnect portion near the branch
point. Then, vacancies which are to enter the narrow interconnect portion from the wide
interconnect portion and flow into the via 110A are effectively captured in the dummy vias
110C. The dummy vias 110C are not necessarily provided only at the branch point or its
neighboring portions. For example, if a dummy via 110C is located in part of the narrow
interconnect portion relatively near the wide interconnect portion, most of vacancies which
are to enter the via 110A are captured in the dummy via 110C before reaching the via
110A. Accordingly, it is possible to prevent occurrence of a void in the via 110A. As a
result, the number of devices malfunctioning when held at high temperature is further
reduced.

EMBODIMENT 3: A case where a via and a dummy via are provided in the same layer
(with a smaller dummy via)

Hereinafter, an interconnection structure and a method for forming the structure
according to a third embodiment of the present invention will be described with reference
to the drawings.

FIG. 8A is a cross-sectional view showing the interconnection structure of the third
embodiment. FIG. 8B is a plan view showing the multilevel interconnection structure

shown in FIG. 8A when viewed from above. In FIGS. 8A and 8B, components already
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described in the first embodiment with reference to FIGS. 1A through 1C and 2A through
2C are denoted by the same reference numerals, and detailed description thereof will be
omitted.

As shown in FIGS. 8A and 8B, the third embodiment is different from the first

5 embodiment in the following ways. Instead of the dummy hole 106B, a dummy hole 106D
with a diameter smaller than that of the dummy hole 106B is provided and a dummy via
110D is provided in the dummy hole 106D instead of the dummy via 110B. That is, in this
embodiment, the diameter of the dummy hole 106D (the dummy via 110D) is smaller that
of a via hole 106A (avia 110A).

10 In this embodiment, the dummy via 110D is connected to a second interconnect
111 near the via 110A.

As shown in FIG. 8A, neither a dummy interconnect 102B nor the dummy via
110D constitutes a closed circuit in actual use. In other words, even if the dummy via
110D is omitted in the interconnection structure shown in FIG. 8A, a device with this

15 interconnection structure is operable at least immediately after fabrication.

In addition, in this embodiment, the width of each of a first interconnect 102A and
the dummy interconnect 102B is smaller than that of the second interconnect 111, as
shown in FIG. 8B. Specifically, the width of each of the first interconnect 102A and the
dummy interconnect 102B is, for example, 0.2 um, the diameter of the via 110A (the via

20 hole 106A) is, for example, 0.20 um, the diameter of the dummy via 110D (the dummy
hole 106D) is, for example, 0.16 um, and the width of the second interconnect 111 is, for
example, 10 pm. The space between the via 110A and the dummy via 110D, more
specifically, the space between the edge of the via 110A toward the dummy via 110D and
the edge of the dummy via 110D toward the via 110A is 0.24 pm, for example.

25 A method for forming the multilevel interconnection structure shown in FIG. 8A
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according to the third embodiment is different from that of the first embodiment (shown in
FIGS. 1A through 1C, 2A and 2B) only in that the dummy hole 106D reaching the dummy
interconnect 102B and having a diameter smaller than that of the dummy hole 106B is
formed instead of the dummy hole 106B in the process step shown in FIG. 1B. That is, the
layout of a mask pattern for forming the dummy hole only needs to be changed.

With the foregoing interconnection structure and the method for forming the
structure according to the third embodiment, a highly-reliable multilevel interconnection
structure which hardly causes malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 110D is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy via 110D. That is, the dummy via
110D reduces the number of vacancies flowing into each via so that the stress gradient
from the second interconnect 111 to the via 110A is reduced. Accordingly, even when the
interconnection structure is held at high temperature, flowing of vacancies from the second
interconnect 111 into the via 110A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which hardly causes malfunction even when held at high
temperature is implemented.

In the third embodiment, the resultant multilevel interconnection structure is more
reliable than that obtained in the first embodiment. This is because of the following
reasons. In this embodiment, the diameter of the dummy hole 106D (the dummy via
110D) is smaller than that of the via hole 106A (the via 110A). In other words, the volume

of the dummy via 110D is smaller than that of the via 110A. Accordingly, the stress
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gradient between the second interconnect 111 and the dummy via 110D is steeper than that
between the second interconnect 111 and the via 110A, so that flowing of vacancies from
the part of the conductive film (the Cu film 109) constitut'ing the second interconnect 111
into the dummy via 110D precedes that into the via 110A. This more effectively
suppresses plastic deformation of the part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a result, the
resultant multilevel interconnection structure is more reliable than that obtained in the first
embodiment.

In addition, in the third embodiment, the dummy interconnect 102B is provided
under the dummy via 110D (the dummy hole 106D). Accordingly, the dummy hole 106D
is easily formed by etching the SiO, film 104 and the SiN film 103 with the dummy
interconnect 102B used as an etching stopper.

In the third embodiment, the space between the via 110A and the dummy via 110D
(i.e., the space between the via hole 106A and the dummy hole 106D: hereinafter referred
to as a via-to-dummy via space) is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the dummy via
110D, the via-to-dummy via space is preferably 25 pm or less and is more preferably 1 um
or less. Then, part of vacancies which are to flow into the via 110A flow into the dummy
via 110D. The minimum via-to-dummy via space can be set in accordance with the
minimum isolation width (e.g., 0.2 pm) between interconnects or vias defined by the
design rule, for example. If the minimum isolation width between interconnects is set
substantially equal to the minimum interconnect width, the minimum via-to-dummy via
space may be set in accordance with the minimum interconnect width.

In the third embodiment, the number of dummy vias 110D provided for one via

110A is preferably as large as possible. Specifically, it is preferable to provide dummy
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vias 110D as many as possible on a part of the second interconnect 111 where the dummy
vias 110D do not affect circuit operation.

In addition, in the third embodiment, if the second interconnect 111 includes a wide
interconnect portion having a width of, for example, about 10 pum and a narrow
interconnect portion having a width of], for example, about0.20 um or less and branching
off from the wide interconnect portion and if the via 110A (the via hole 106A) is connected
to the narrow interconnect portion, one or more dummy vias 110D (dummy holes 106D)
are preferably connected to the branch point between the wide interconnect portion and the
narrow interconnect portion or to part of the wide interconnect portion near the branch
point. Then, vacancies which are to enter the narrow interconnect portion from the wide
interconnect portion and flow into the via 110A are effectively captured in the dummy via
110D. The dummy vias 110D are not necessarily provided only at the branch point or its
neighboring portions. For example, if a dummy via 110D is located on the narrow
interconnect portion relatively near the wide interconnect portion, most of vacancies which
are to enter the via 110A are captured in the dummy via 110D before reaching the via
110A. Accordingly, it is possible to prevent occurrence of a void in the via 110A. As a
result, the number of devices malfunctioning when held at high temperature is further
reduced.

Moreover, in the third embodiment, instead of the dummy interconnect 102B, the
dummy via 110D (the dummy hole 106D) may be formed such that the bottom of the
dummy via 110D is located in the insulating film 101. Then, the dummy hole 106D is
deeper than the via hole 106A. This makes the stress gradient between the second
interconnect 111 and the dummy via 110D much steeper than that between the second
interconnect 111 and the via 110A as compared to the first embodiment. Accordingly,

flowing of vacancies from the part of the conductive film (the Cu film 109) constituting the
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second interconnect 111 into the dummy via 110D precedes that into the via 110A. This
more effectively suppresses plastic deformation of the part of the conductive film (the Cu
film 109) constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a
result, the reliability of the resultant multilevel interconnection structure is further
enhanced.

EMBODIMENT 4: A case where a via and a dummy via are provided in the same layer
(where the shape of a dummy via is changed)

Hereinafter, an interconnection structure and a method for forming the structure
according to a fourth embodiment of the present invention will be described with reference
to the drawings.

FIG. 9A is a cross-sectional view. showing the interconnection structure of the
fourth embodiment. FIG. 9B is a plan view showing the multilevel interconnection
structure shown in FIG. 9A when viewed from above. In FIGS. 9A and 9B, components
already described in the first embodiment with reference to FIGS. 1A through 1C and 2A
through 2C are denoted by the same reference numerals, and detailed description thereof
will be omitted.

As shown in FIGS. 9A and 9B, the fourth embodiment is different from the first
embodiment in the following ways. Instead of the dummy hole 106B, a dummy trench
106E which has a shape different from that of the dummy hole 106B (i.e., the via hole
106A), more specifically, which is longer than the via hole 106A in a plan view, is
provided. In addition, instead of the dummy via 110B, a dummy portion 110E is provided
in the dummy trench 106E. The dummy trench 106E (the dummy portion 110E) is
rectangular, for example, in the plan view. The length (i.e., the longer sides) of the dummy
portion 110E and the width (i.e., the shorter sides) of a second interconnect 111 are

provided along the same direction in the plan view. The dummy portion 110K is
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connected to the second interconnect 111 near a via 110A (the via hole 106A). The
dummy portion 110E is closer to the center of the second interconnect 111 than the via
110A is. In other words, the distance between the via 110A and the end of the second
interconnect 111 opposite the via 110A with respect to the dummy portion 110K is longer
than the distance between the via 110A and the other end of the second interconnect 111,
1.e., the end of the second interconnect 111 toward the via 110A.

As shown in FIG. 9A, neither the dummy interconnect 102B nor the dummy
portion 110E constitutes a closed circuit in actual use. In other words, even if the dummy
portion 110E is omitted in the interconnection structure shown in FIG. QA, a device with
this interconnection structure is operable at least immediately after fabrication.

In additior;, in this embodiment, the width of each of a first interconnect 102A and
a dummy interconnect 102B is smaller than that of the second interconnect 111, as shown
in FIG. 9B. Specifically, the width of each of the first interconnect 102A and the dummy
interconnect 102B is, for example, 0.2 pum, the diameter of the via 110A (the via hole
106A) is, for example, 0.20 um, the length and width of the rectangular dummy portion
110E (the ‘dummy trench 106E) are, for example, 0.8 um and 0.20 pm, respectively, and
the width of the second interconnect 111 is, for example, 10 um. The space between the
via 110A and the dummy portion 110E, more specifically, the space between the edge of
the via 110A toward the dummy portion 110E and the edge of the dummy portion 110E
toward the via 110A is 0.2 um, for example.

A method for forming the multilevel interconnection structure shown in FIG. 9A
according to the fourth embodiment is different from that of the first embodiment (shown
in FIGS. 1A through 1C, 2A and 2B) only in that the dummy trench 106E reaching the
dummy interconnect 102B and having a rectangular shape in a plan view is formed instead

of the dummy hole 106B in the process step shown in FIG. 1B. That is, the layout of a
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mask pattern for forming the dummy hole only needs to be changed.

With the foregoing interconnection structure and the method for forming the
structure according to the fourth embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy portion 110E is
provided on the second interconnect 111 near the via 110A, so that vacancies in a part of a
conductive film (a Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy portion 110E. That is, the dummy
portion 110E reduces the number of vacancies flowing into each via so that the stress
gradient from the second interconnect 111 to the via 110A is reduced. Ac‘cordinglsl, even
when the interconnection structure is held at high temperature, flowing of vacancies from
the second interconnect 111 into the via 110A is suppressed. As a result, plastic
deformation of a part of the conductive film (the Cu film 109) constituting the via 110A,
i.e., occurrence of a void instde the via hole 106A, is suppressed, so that a highly-reliable
multilevel interconnection structure which hardly causes malfunction even when held at
high temperature is implemented.

In the fourth embodiment, the resultant multilevel interconnection structure is more
reliable than that obtained in the first embodiment. This is because of the following
reasons. In this embodiment, the dummy trench 106E (the dummy portion 110E) is longer
than the via hole 106A (the via 110A) in a plan view and the length of the dummy portion
110E and the width of the second interconnect 111 are provided along the same direction
in the plan view. Accordingly, vacancies which are present in a part of the conductive film
(the Cu film 109) constituting the second interconnect 111 opposite the via 110A with
respect to the dummy portion 110E flow into the dummy portion 110E, so that it is

possible to prevent these vacancies from reaching the via 110A. This more effectively
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suppresses plastic deformation of the part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a result, the
resultant multilevel interconnection structure is more reliable than that obtained in the first
embodiment.

In addition, in the fourth embodiment, the dummy portion 110E is closer to the
center of the secoﬁd interconnect 111 than the via 110A is. In other words, the distance
between the via 110A and the end of the second interconnect 111 opposite the via 110A
with respect to the dummy portion 110E is longer than the distance between the via 110A
and the other end of the second interconnect 111, i.e., the ¢nd of the second interconnect
111 toward the via 110A. Accordingly, the following advantage is obtained. A first region
in the second interconnect 111 between the via 110A and the end of the second
interconnect 111 toward the dummy portion 110E is larger than a second region in the
second interconnect 111 between the other end thereof and the via 110A, so that the first
region contains a larger number of vacancies than the second region. The dummy portion
110E is provided on this first region in the second interconnect 111, and thus vacancies
more effectively flow into the dummy portion 110E. This more effectively suppresses
plastic deformation of the part of the conductive film (the Cu film 109) constituting the via
110A, i.e., occurrence of a void in the via hole 106A. As a result, the reliability of the
resultant multilevel interconnection structure is further enhanced.

In addition, in the fourth embodiment, the dummy interconnect 102B is provided
under the dummy portion 110E (the dummy trench 106E). Accordingly, the dummy
trench 106E is easily formed by etching the SiO; film 104 and the SiN film 103 with the
dummy interconnect 102B used as an etching stopper.

In the fourth embodiment, the space between the via 110A and the dummy portion

110E (i.e., the space between the via hole 106 A and the dummy trench 106E: hereinafter
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referred to as a via-to-dummy via space) is preferably as small as possible. To obtain the
effect of reducing the number of vacancies flowing into the via 110A by using the dummy
portion 110E, the via-to-dummy via space is preferably 25 pm or less and is more
preferably 1 um or less. Then, the effect of making part of vacancies which are to flow
5 into the via 110A flow into the dummy portion 110E is ensured. The minimum via-to-
dummy via space can be set in accordance with the minimum isolation width (e.g., 0.2 pm)
between interconnects or vias defined by the design rule, for example. If the minimum
isolation width between interconnects is set substantially equal to the minimum
interconnect width, the minimum via-to-dummy via space may be set in accordance with

10 the minimum interconnect width.

In the fourth embodiment, the number of dummy portions 110E provided for one
via 110A is preferably as large as possible. Specifically, it is preferable to provide dummy
portions 110E as many as possible on a part of the second interconnect 111 where the
dummy portions 110E do not affect circuit operation.

15 In the fourth embodiment, the dummy interconnect 102B is not necessarily
provided, and the dummy portion 110E (the dummy trench 106E) may be formed instead
such that the bottom thereof is located in the insulating film 101.

In the fourth embodiment, the planar shape of the via hole 106A (the via 110A)
different from that of the dummy trench 106E (the dummy portion 110E) is not limited

20 specifically, and may be a circle or a square, for example.

MODIFIED EXAMPLE OF EMBODIMENT 4

Hereinafter, an interconnection structure and a method for forming the structure
according to a modified example of the fourth embodiment will be described with
reference to the drawings.

25 FIG. 10 is a plan view showing the interconnection structure according to the
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modified example of the fourth embodiment.

As shown in FIG. 10, this modified example is different from the fourth
embodiment (see FIG. 9B) in the following ways. First, the second interconnect 111
includes: a wide interconnect portion 111a having a width of 10 um, for example; and a

5 narrow interconnect portion 111b having a width of 0.20 um, for example, and branching
off from the wide interconnect portion 111a. Second, the via 110A (the via hole 106A) is
connected to the narrow interconnect portion 111b. Third, the dummy portion 110E (the
dummy trench 106E) is connected to the wide interconnect portion 111a near the branch
point between the wide interconnect portion 111a and the narrow interconnect portion

10 111b. In a case where the narrow interconnect portion 111b extends from a longer side of
the wide interconnect portion 111a as in this modified example, the length of the dummy
portion 110E and the length of the wide interconnect portion 111a are provided along the
same direction in the plan view, as shown in FIG. 10.

That is, the method for forming the interconnection structure according to this

15 modified example is different from that of the fourth embodiment in that in the process
step shown in FIG. 1B, the interconnect trench 107 divided into a first trench with a
relatively large width and a second trench with a relatively small width is formed and the
dummy trench 106E is also formed near the branch point between the first trench and the
second trench.

20 In this modified example, not only the advantages obtained by the fourth
embodiment but also the following advantage is obtained. Vacancies which are to enter
the narrow interconnect portion 111b from the wide interconnect portion 111a and flow
into the via 110A are effectively captured in the dummy portion 110E. As a result, the
number of devices malfunctioning when being held at high temperature is further reduced.

25 In addition, the advantage of this modified example obtained by using the dummy
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portion 110E (i.e., suppression of malfunction after a device has been held at high
temperature) is remarkable especially when the width of the narrow interconnect portion
111b is about 0.20 um or less, as in the modified example of the first embodiment.

EMBODIMENT 5: A case where a via and a dummy via are provided in different
layers

Hereinafter, an interconnection structure and a method for forming the structure
according to a fifth embodiment of the present invention will be described with reference
to the drawings.

FIG. 13B is a cross-sectional view showing the interconnection structure of the
fifth embodiment. FIG. 13C is a plan view showing the multilevel interconnection
structure shown in FIG. 13B when viewed from above. In FIGS. 13B and 13C,
components already described in the first embodiment with reference to FIGS. 1A through
1C and 2A through 2C or the second embodiment with reference to FIGS. 6A through 6C
and 7A through 7C, for example, are denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 13B and 13C, a first interconnect 102A is buried in an
insulating film 101 formed on a semiconductor substrate (not shown), and a SiN film 103,
a SiO; film 104 and an FSG film 105 are formed in this order over the insulating film 101
and the first interconnect 102A. A via hole 106A is formed through the SiO; film 104 and
the SiN film 103 to reach the first interconnect 102A. An interconnect trench 107 is
formed through the FSG film 105 to reach the via hole 106A. A barrier film 108 and a Cu
film 109 are buried in this order in the via hole 106A and the interconnect trench 107,
thereby forming a via 100A and a second interconnect 111 in the via hole 106A and the
interconnect trench 107, respectively.

A SiN film 112, a SiO; film 113 and an FSG film 114 are formed over the FSG
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film 105 and the second interconnect 111. A dummy via hole (dummy hole) 115 is formed
through the FSG film 114, the SiO; film 113 and the SiN film 112 to reach the second
interconnect 111. A barrier film 116 and a Cu film 117 are buried in this order in the
dummy hole 115, thereby forming a dummy via 118 in the dummy hole 115. The dummy

5 via 118 is connected to the second interconnect 111 near the via 110A. A SiN film 119 is
formed over the FSG film 114 and the dummy via 118.

As described above, this embodiment is greatly different from the first through
fourth embodiments in that the dummy hole 115 (the dummy via 118) is not provided
under the second interconnect 111 but is provided above the second interconnect 111.

10 As shown in FIG. 13B, the dummy via 118 does not constitute any closed circuit in
actual use. In other words, even if the dummy via 118 is omitted in the interconnection
structure shown in FIG. 13B, a device with this interconnection structure is operable at
least immediately after fabrication.

In addition, as shown in FIG. 13C, in this embodiment, the first interconnect 102A

15 has a width smaller than that of the second interconnect 111. Specifically, the width of the
first interconnect 102A is, for example, 0.2 um, the diameter of each of the via 110A (the
via hole 106A) and the dummy via 118 (the dummy hole 115) is, for example, 0.20 pm,
and the width of the second interconnect 111 is, for example, 10 um. The space between
the via 110A and the dummy via 118, more specifically, the space between the edge of the

20 via 110A toward the dummy via 118 and the edge of the dummy via 118 toward the via
110A is 0.2 pm, for example.

FIGS. 11A through 11C, 12A through 12C and 13A are cross-sectional views
showing respective process steps of a method for forming the multilevel interconnection
structure shown in FIG. 13B according to the fifth embodiment.

25 First, as shown in FIG. 11A, an insulating film 101 is formed on the surface of a
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semiconductor substrate (not shown), and then a first interconnect 102A is formed in the
insulating film 101.

Next, as shown in FIG. 11B, a SiN film 103, a Sibz film 104 and a FSG film 105
are formed in this order over the insulating ﬁlth 101 and the first interconnect 102A by a
plasma CVD process, for example. Théreaﬂer, lithography and dry etching are alternately
performed twice (i.e., lithography and dry etching are each performed twice), thereby
forming a via hole 106A in the SiO; film 104 and the SiN film 103 to reach the first
interconnect 102A and also forming an interconnect trench 107 in the FSG film 105 to
reach the via hole 106A.

Then, as shown in FIG. 11C, a barrier film 108 is deposited by a PVD process, for
example, to partly fill the via hole 106A and the interconnect trench 107. Then, a Cu film
109 is formed by a plating process, for example, on the barrier film 108 to completely fill
the via hole 106A and the interconnect trench 107.

Thereafier, as shown in FIG. 12A, parts of the barrier film 108 and the Cu film 109
extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to connect the first interconnect 102A
and the second interconnect 111 to each other.

Subsequently, as shown in FIG. 12B, a SiN film 112, a SiO; film 113 and an FSG
film 114 are formed in this order by, for example, a plasma CVD process over the FSG
film 105 and the second interconnect 111. Thereaﬁer, lithography and dry etching are
performed, and thereby a dummy hole 115 is formed through the FSG film 114, the SiO;
film 113 and the SiN film 112 to reach the second interconnect 111.

Then, as shown in FIG. 12C, a barrier film 116 is formed by, for example, a PVD

process to partly fill the dummy hole 115. Thereafter, a Cu film 117 is formed by, for
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example, a plating process on the barrier film 116 to completely fill the dummy hole 115.

Subsequently, as shown in FIG. 13A, parts of the barrier film 116 and the Cu film
117 extending off the dummy hole 115 are removed by, for example, a CMP process. In
this manner, a dummy via 118 connected to the second interconnect 111 is formed in the
dummy hole 1185. |

Lastly, a SiN film 119 is deposited over the FSG film 114 and the dummy via 118
(the Cu film 117), thus completing the multilevel interconnection structure shown in FIG.
13B.

With the foregoing interqonnection structure and the method for forming the
structure according to the fifth embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 118 is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively attracted to the via 110A and the dummy via 118. Specifically, in a portion of
the second interconnect 111 connected to the dummy via 118, tensile stress on a part of the
Cu film 109 constituting the second interconnect 111 is lower than that on its surrounding
portions. Accordingly, vacancies inside the Cu film 109 are attracted to the dummy via
118, so that even when the interconnection structure is held at high temperature, flowing of
vacancies from the second interconnect 111 into the via 110A is suppressed. As a result,
plastic deformation of a part of the conductive film (the Cu film 109) constituting the via
110A, i.e., occurrence of a void inside the via hole 106A, is suppressed, so that a highly-
reliable multilevel interconnection structure which does not cause malfunction even when
held at high temperature is implemented.

In the fifth embodiment, the space between the via 110A and the dummy via 118
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(i.e., the space between the via hole 106A and the dummy hole 115: hereinafter referred to
as a via-to-dummy via space) is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the dﬁmmy via 118,
the via-to-dummy via space is preferably 25 pm or less and is more preferably 1 pm or
less. The minimum via-to-dummy via space can be set in accordance with the minimum
isolation width (e.g., 0.2 um) between interconnects or vias defined by the design rule, for
example. If the minimum isolation width between interconnects is set substantially equal
to the minimum interconnect width, the minimum via-to-dummy via space may be set in
accordance with the minimum interconnect width.

In the fifth embodiment, the number of dummy vias 118 provided for one via 110A
is preferably as large as possible. Specifically, it is preferable to provide dummy vias 118
as many as possible on a part of the second interconnect 111 where the dummy vias 118 do
not affect circuit operation.

In the fifth embodiment, the top of the dummy via 118 is located in the insulating
films. Alternatively, the top of the dummy via 118 may be connected to a dummy
interconnect. In such a structure, after a hole for forming the dummy via 118 has been
formed by etching, etching for forming a dummy interconnect trench is performed, thus
ensuring removal of residues of the insulating film remaining on the bottom of the hole.
Accordingly, connection of the dummy via 118 to the second interconnect 111 is ensured,
resulting in that advantages of this embodiment are also obtained in this case.

In the fifth embodiment, if the diameter of the dummy via 118 (the dummy hole
115) is smaller than that of the via 110A (the via hole 106A), advantages similar to those
of the third embodiment are obtained.

In addition, in the fifth embodiment, if the dummy via 118 is rectangular in a plan

view and the length of this dummy via 118 and the width of the second interconnect 111
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are provided along the same direction in the plan view, advantages similar to those of the
fourth embodiment are obtained. In such a case, the dummy via 118 is preferably closer to
the center of the second interconnect 111 than the via 110A is. In other words, if the
distance between the via 110A and the end of the second interconnect 111 opposite the via
110A with respect to the dummy via 118 is longer than the distance between the via 110A
and the other end of the second interconnect 111, i.e., the end of the second interconnect
111 toward the via 110A, the foregoing advantages become more remarkable. In such a
case, the planar shape of the via hole 106A (the via 110A) is not specifically limited, and
may be a circle or a square, for example.

EMBODIMENT 6: Insulating slit 1

Hereinafter, an interconnection structure and a method for forming the structure
according to a sixth embodiment of the present invention will be described with reference
to the drawings.

FIG. 15B is a cross-sectional view showing the interconnection structure of the
sixth embodiment. FIG. 15C is a plan view showing the multilevel interconnection
structure shown in FIG. 15B when viewed from above. In FIGS. 15B and 15C,
components already described in the first embodiment with reference to FIGS. 1A through
1C and 2A through 2C or the second embodiment with reference to FIGS. 6A through 6C
and 7A through 7C, for example, are denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 15B and 15C, a first interconnect 102A is buried in an
insulating film 101 formed on a semiconductor substrate (not shown), and a SiN film 103,
a SiO; film 104 and an FSG film 105 are formed in this order over the insulating film 101
and the first interconnect 102A. A via hole 106A is formed through the SiO; film 104 and

the SiN film 103 to reach the first interconnect 102A. An interconnect trench 107 is
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formed through the FSG film 105 to reach the via hole 106A. A barrier film 108 and a Cu
film 109 are buried in this order in the via hole 106A and the interconnect trench 107,
thereby forming a via 110A and a second interconnect 111 in the via hole 106A and the
interconnect trench 107, respectively.

A characteristic of this embodiment is that a pair of insulating slits 120 is provided
in the second interconnect 111 to sandwich a portion of the second interconnect 111
connected to the via 110A (a portion of the second interconnect 111 on the via 110A.) In
this embodiment, the insulating slits 120 are made of part of the FSG film 105 as an
interlayer dielectric film. A SiN film 112 is formed over the FSG film 105 including the
insulating slits 120 and the second interconnect 111.

As shown in FIG. 15C, in this embodiment, the ﬁrst interconnect 102A has a width
smaller than that of the second interconnect 111. Specifically, the width of the first
interconnect 102A is, for example, 0.2 um, the diameter of the via 110A (the via hole
106A) is, for example, 0.20 um, and the width of the second ihterconnect 111 is, for
example, 10 pm. The shape of each of the insulating slits 120 is rectangular in a plan
view, and the length of each of the insulating slits 120 is greater than or equal to twice and
less than or equal to four. times as large as the diameter of the via 110A in the plan view.
For example, the length and width of each of the insulating slits 120 in the plan view is 0.4
um and 0.2 um, respectively. In this embodiment, a longer side of each of thé insulating
slits 120 is in contact with the portion of the second interconnect 111 connected to the via
110A.

FIGS. 14A through 14C and FIG. 15A are cross-sectional views showing
respective process steps of a method for forming the mpltilevel interconnection structure
shown in FIG. 15B according to the sixth embodiment.

First, as shown in FIG. 14A, an insulating film 101 is formed on the surface of a
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semiconductor substrate (not shown), and then a first intercbnnect 102A is formed in the |
insulating film 101.

Next, as shown in FIG. 14B, a SiN film 103, a SiO; film 104 and a FSG film 105
are formed in this order over the insulating film 101 and the first interconnect 102A by a
plasma CVD process, for example. Thereafter, lithography and dry etching are alternately
performed twice (i.e., lithography and dry etching are each performed twice), thereby
forming a via hole 106A in the SiO; film 104 and the SiN film 103 to reach the first
interconnect 102A and also forming an interconnect trench 107 in contact with the via hole
106A in the FSG film 105. In this embodiment, in forming the interconnect trench 107,
part of the FSG film 10S is left in the interconnect trench 107 to surround the via hole
106A, thereby forming insulating slits 120. Specifically, in a lithography process for
forming the interconnect trench 107, a resist pattern covering not only the part of the FSG
film 105 except for a region where the interconnect trench 107 is to be formed but also a
part of the FSG film 105 to be the insulating slits 120 is used. Then, the FSG film 105 is
etched using the resist pattern as a mask.

Then, as shown in FIG. 14C, a barrier film 108 is deposited by a PVD process, for
example, to partly fill the via hole 106A and the interconnect trench 107. Then, a Cu film
109 is formed by a plating process, for example, on the barrier film 108 to completely fill
the via hole 106A and the interconnect trench 107.

Thereafter, as shown in FIG. 15A, parts of the barrier film 108 and the Cu film 109
extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to connect the first interconnect 102A
and the second interconnect 111 to each other.

Lastly, a SiN film 112 is deposited over the FSG film 105 including the insulating
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slits 120 and the second interconnect 111 (the Cu film 109), thus completing the multilevel
interconnection structure shown in FIG. 15B.

With the foregoing interconnection structure and the method for forming the
structure according to the sixth embodiment, a highly-reliable multilevel interconnection
structure which hardly causes malfunction even when held at high temperature is
implemented. This is because of the following reasons. The insulating slits 120 are
provided near a portion of the second interconnect 111 connected to the via 110A. This
portion of the second interconnect 111 will be also referred to as a via-connected portion.
Specifipally, the insulating slits 120 are provided in the second interconnect 111 to be in
contact with the via-connected portion of the second interconnect 111. Accordingly,
tensile stress on a part of the second interconnect 111 near the via-connected portion is
lower than that on the other part of the second interconnect 111. The insulating slits 120
reduce the number of vacancies flowing into each via, so that the stress gradient from the
second interconnect 111 to the via 110A is reduced, so that even when the interconnection
structure is held at high temperature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. In addition, the insulating slits 120 are made of a
material different from that for the conductive film (the Cu film 109) constituting the
second interconnect 111 and the via 110A, so that the insulating slits 120 act as barriers
against movement of atoms or vacancies in the conductive film. This prevents convection
of atoms inside the second interconnect 111 and the via 110A or accumulation of vacancies
on the bottom of the via 110A. As a result, plastic deformation of a part of the conductive
film (the Cu film 109) constituting the via 110A, i.e., occurrence of a void inside the via
hole 106A, is suppressed, so that a highly-reliable multilevel interconnection structure
which hardly causes malfunction even when held at high temperature is implemented.

FIG. 16 is a graph for explaining effects of this embodiment. In FIG. 16, the
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ordinate indicates “the number of devices malfunctioning after being held at high
temperature” and the abscissa indicates “the presence of an insulating slit”. The case of
“with slit” corresponds to this embodiment and the case of “without slit” corresponds to a
conventional example. As shown in FIG. 16, in the case of “with insulating slit” in this
embodiment, “the number of devices malfunctioning when being held at high temperature”
is reduced to about one-eighth of that in the case of “without slit”. This is because a slit
made of an insulating film prevents a phenomenon in which atoms in a conductive film for
interconnection move and vacancies in the conductive film gather in a via. Specifically, if
a slit made of an insulating material different from a material for an interconnect is present
in an conductive film for interconnection, this slit acts as a barrier against movement of
atoms in the conductive film and also suppresses formation of a void resulting from
gathering of vacancies from the conductive film in a via. Accordingly, in the case of “with
insulating slit” in this embodiment, the number of devices malfunctioning when being held
at high temperature” is reduced.

In addition, in the sixth embodiment, each of the insulating slits 120 is rectangular
in a plan view. The length of each of the insulating slits 120 is greater than or equal to
twice and less than or equal to four times as large as the diameter of the via 110A in the
plan view. A longer side of each of the respective insulating slits 120 in the plan view is in
contact with a portion of the second interconnect 111 connected to the via 110A.
Accordingly, the foregoing advantages are ensured.

In the sixth embodiment, the shape and the number of the insulating slits 120 (the
number of the insulating slits 120 provided for one via 110A) are not specifically limited.

In the sixth embodiment, part of the FSG film 105 is used as the insulating slits
120. Alternatively, other insulating materials may be used instead. The insulating slits

120 may be replaced with slits made of another conductive material different from a
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conductive material constituting the second interconnect 111 and the via 110A.

Further, in the sixth embodiment, the insulating slits 120 are not necessarily in
contact with the portion of the second interconnect 11.1 connected to the via 110A.
However, in a case where the insulating slits 120 and the via-connected portion of the
second interconnect 111 are apart from each other, the space between each of the
insulating slits 120 and the via-connected portion of the secoﬁd interconnect 111, i.e., the
space between each of the insulating slits 120 and the via 110A, is preferably 1 pm or less
in order to ensure the foregoing advantages.

Furthermore, in the sixth embodiment, in a case where the second interconnect 111
includes: a wide interconnect portion having a width of about 10 uin, for example; and a
narrow interconnect portion having a width of about 0.20 um or less, for example, and
branching off from the wide interconnect portion and if the via 110A (the via hole 106A) is
connected to the narrow interconnect portion, one or more insulating slits 120 are
preferably connected to the branch point between the wide interconnect portion and the
narrow interconnect portion or a part of the wide interconnect portion near the branch
point. Then, vacancies which are to enter the narrow interconnect portion from the wide
interconnect portion and flow into the via 110A are effectively captured in the insulating
slits 120. As a result, the number of devices malfunctioning when being held at high
temperature is further reduced.

EMBODIMENT 7: Insulating slit 2

Hereinafter, an interconnection structure and a method for forming the structure
according to a seventh embodiment of the present invention will be described with
reference to the drawings.

FI1G. 17A is a cross-sectional view showing the interconnection structure of the

seventh embodiment. FIG. 17B is a plan view showing the multilevel interconnection
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structure shown in FIG. 17A when viewed from above. In FIGS. 17A and 17B,
components already described in the first embpdiment with reference to FIGS. 1A through
1C and 2A through 2C or the sixth embodiment with reference to FIGS. 14A through 14C
and 15A through 15C, for example, are denoted by the same reference numerals, and
detailed description thereof will be omitted.

As shown in FIGS. 17A and 17B, the seventh embodiment is different from the
sixth embodiment in the following ways. Instead of the insulating slits 120 in contact with
a portion of the second interconnect 111 connected to the via 110A, an insulating slit 121
longer than the insulating slits 120 is provided in the second interconnect 111 near the via-
connected portion of the second interconnect 111. In other words, the insulating slit 121 of
this embodiment is not in contact with the via-connected portion of the second interconnect
111. Specifically, the insulating slit 121 is rectangular, for example, in a plan view and the
length of the insulating slit 121 and the width of the second interconnect 111 are provided
along the same direction in the plan view. The insulating slit 121 is provided in the second
interconnect 111 near a portion of the second interconnect 111 connected to the via 110A
(the via hole 106A) and is closer to the center of the second interconnect 111 than the via
110A is. In other words, the distance between the via 110A and the end of the second
interconnect 111 opposite the via 110A with respect to the insulating slit 121 is longer than
the distance between the via 110A and the other end of the second interconnect 111, i.e.,
the end of the second interconnect 111 toward the via 110A.

As shown in FIG. 17B, in this embodiment, the first interconnect 102A has a width
smaller than that of the second interconnect 111. Specifically, the width of the first
interconnect 102A is, for example, 0.2 pm, the diameter of the via 110A (the via hole
106A) is, for example, 0.20 um, and the width of the second interconnect 111 is, for

example, 10 um. The length of the insulating slit 121 is greater than or equal to twice and
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less than or equal to ten times as large as the diameter of the via 110A in a plan view. For
example, the length and width of the insulating slit 121 in the plan view is 0.8 pm and 0.2
um, respectively. The space between the via 110A and the insulating slit 121, more
specifically, the space between the edge of the via 110A toward the insulating slit 121 and
the edge of the insulating slit 121 toward the via 110A is 0.2 um, for example.

A method for forming the multilevel interconnection structure shown in FIG. 17A
according to the seventh embodiment is different from that of the sixth embodiment (see
FIGS. 14A through 14C, 15A and 15B) in the following ways. In the process step shown
in FIG. 14B, more specifically, in forming the interconnect trench 107, part of the FSG
film 105 is left in the interconnect trench 107 to be slightly apart from the via hole 106A,
thereby forming the insulating slit 121 longer than the insulating slit 120, instead of the
insulating slit 120. Specifically, in a lithography process for forming the interconnect
trench 107, the layout of a mask pattern for forming the insulating silt only needs to be
changed.

With the foregoing interconnection structure and the method for forming the
structure according to the seventh embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The insulating slit 121 is provided
near a portion of the second interconnect 111 connected to the via 110A, so that tensile
stress on a portion near the via-connected portion of the second interconnect 111 is lower
than that on the other part of the second interconnect 111. The insulating slit 121 reduces
the number of vacancies flowing into each via, so that the stress gradient from the second
interconnect 111 to the via 110A is reduced. Accordingly, even when the interconnection
structure is held at high temperature, flowing of vacancies from the second interconnect

111 into the via 110A is suppressed. In addition, the insulating slit 121 is made of a
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material different from that for the conductive film (the Cu film 109) constituting the
second interconnect 111 and the via 110A, so that the insulating slit 121 acts as a barrier
against movement of atoms or vacancies in the conductive film. This prevents convection
of atoms inside the second interconnect 111 and the via 110A or accumulation of vacancies
on the bottom of the via 110A. As a result, plastic deformation of a part of the conductive

film (the Cu film 109) constituting the via 110A, i.e., occurrence of a void inside the via

hole 106A, is suppressed, so that a highly-reliable multilevel interconnection structure

which hardly causes malfunction even when held at high temperature is implemented.

In the seventh embodiment, the reliability of the multilevel interconnection
structure is further enhanced because of the following reasons. In this embodiment, the
insulating slit 121 is rectangular in a plan view and the length of the insulating slit 121 and
the width of the second interconnect 111 are provided along the same direction in the plan
view. The insulating slit 121 is located near the portion of the second interconnect 111
connected to the via 110A. Accordingly, flowing of vacancies which are present in a part
of the conductive film (the Cu film 109) constituting the second interconnect 111 opposite
the via 110A with respect to the insulating slit 121 is blocked by the insulating slit 121, so
that these vacancies do not reach the via 110A. In addition, in this embodiment, the
insulating slit 121 is closer to the center of the second interconnect 111 than the via 110A
is. In other words, a first region in the second interconnect 111 between the via 110A and
the end of the second interconnect 111 opposite the via 110A with respect to the insulating
slit 121 is larger than a second region in the second interconnect 111 between the via 110A
and the other end of the second interconnect 111, i.e., the end of the second interconnect
111 toward the via 110A. Therefore, the first region contains a larger number of vacancies
than the second region. In addition, the insulating slit 121 is provided in this first region,

so that movement of vacancies is more effectively prevented. This more effectively
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suppresses plastic deformation of the part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a result, the
reliability of the resultant multilevel interconnection structure is further enhanced.

In the seventh embodiment, the space between the via 110A (the via hole 106A)
and the insulating slit 121 is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the insulating slit
121, this space is preferably 1 um or less. The insulating slit 121 may be in contact with a
portion of the second interconnect 111 connected to the via 110A.

In the seventh embodiment, the shape and the number of the insulating slit 121 (the
number of insulating slits 121 provided for one via 110A) are not specifically limited.

In the seventh embodiment, part of the FSG film 105 is used as the insulating slit
121. Alternatively, other insulating materials may be used. The insulating slit 121 may be
replaced with a slit made of another conductive material different from a conductive
material constituting the second interconnect 111 and the via 110A.

Moreover, in the seventh embodiment, if the second interconnect 111 includes a
wide interconnect portion having a width of, for example, about 10 uym and a narrow
interconnect portion having a width of, for example, about 0.20 pm or less and branching
off from the wide interconnect portion and if the via 110A (the via hole 106A)) is connected
to the narrow interconnect portion, the insulating slit 121 is preferably connected to the
wide interconnect portion near the branch point between the wide interconnect portion and
the narrow interconnect portion. In such a case, if the narrow interconnect portion extends
from a longer side of the wide interconnect portion, the length of the insulating slit 121 and
the length of the wide interconnect portion are provided along the same direction in the
plan view. Then, vacancies which are to enter the narrow interconnect portion from the

wide interconnect portion and flow into the via 110A are effectively captured in the
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insulating slit 121. As a result, the number of devices malfunctioning when held at high
temperature is further reduced.

In the first through seventh embodiments, a SiO, film (e.g., the SiO; film 104) and
an FSG film (e.g., the FSG film 105) are used as interiayer dielectric films between
interconnects. However, the types of the interlayer dielectric films are not specifically
limited.

In the first through seventh embodiments, a Cu film (e.g., the Cu film 109) is used
as an interconnect material. However, the type of the interconnect material is not
specifically limited. A material for a barrier film (e.g., the barrier film 108) is not
specifically limited, either.

In the first through seventh embodiments, a SiN film (e.g., the SiN film 112) is
formed as a protective film over a damascene interconnect (e.g., the first interconnect
102A or the second interconnect 111). However, this SiN film may not be formed.

The dummy vias and the insulating slits of the first through seventh embodiments
may be, of course, combined in various manners in order to achieve a technical idea of the
present invention, “movement of vacancies in a conductive film for an interconnect is
suppressed so that occurrence of a void in the interconnect after formation thereof is

prevented.”
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WHAT IS CLAIMED IS:

1. An interconnection structure comprising:

a lower interconnect;

an upper interconnect;

a first insulating film provided between the lower interconnect and the upper
interconnect; and

a second insulating film provided under the first insulating film,

wherein the lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film,

at least one dummy via is connected to the upper interconnect,

the lower interconnect is formed in the second insulating film, and

the bottom of the dummy via is located in the second insulating film.

2. The interconnection structure of claim 1, wherein the bottom of the dummy via

is connected to a dummy interconnect formed in the second insulating film.

3. The interconnection structure of claim 1, wherein a third insulating film is
formed on the upper interconnect, and

the dummy via is formed in the third insulating film such that the bottom of the

dummy via is connected to the upper interconnect.

4. The interconnection structure of claim 1, wherein the dummy via has a diameter

smaller than that of the via.

5. The interconnection structure of claim 1, wherein the dummy via is substantially
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rectangular in a plan view, and
the length of the dummy via and the width of the upper interconnect are provided

along the same direction in the plan view.

6. The interconnection structure of claim 1, wherein the via is substantially circular
in a plan view, and

the dummy via has a shape different from that of the via in the plan view.

7. The interconnection structure of claim 1, wherein the dummy via is closer to a

center of the upper interconnect than the via is.

8. The interconnection structure of claim 3, wherein the dummy via is closer to a

center of the upper interconnect than the via is.

9. The interconnection structure of claim 1, wherein the via and the dummy via are

spaced at a distance of 1 um or less.

10. An interconnection structure comprising:

a lower interconnect;

an upper interconnect; and

a first insulating film provided between the lower interconnect and the upper
interconnect,

wherein the lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film, and

at least one insulating slit is formed in the upper interconnect.
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11. The interconnection structure of claim 10, wherein the insulating slit is in

contact with a portion of the upper interconnect connected to the via.

12. The interconnection structure of claim 11, wherein the insulating slit is
substantially rectangular in a plan view,

the length of the insulating slit is greater than or equal to twice and less than or
equal to four times as large as the diameter of the via in the plan view, and

a longer side of the insulating slit inlthe plan view is in contact with the portion of

the upper interconnect connected to the via.

13. The interconnection structure of claim 10, wherein the insulating slit is
substantially rectangular in a plan view,

the length of the insulating slit is greater than or equal to twice and less than or
equal to ten times as large as the diameter of the via in the plan view, and

the length of the insulating slit and the width of the upper interconnect are provided

along the same direction in the plan view.

14. The interconnection structure of claim 10, wherein the insulating slit is closer

to a center of the upper interconnect than the via is.

15. The interconnection structure of claim 10, wherein the via and the insulating

slit are spaced at a distance of 1 um or less.

16. An interconnection structure comprising:
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a lower interconnect;

an upper interconnect; and

a first insulating film provided between the lower interconnect and the upper
interconnect,

wherein the lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film,

the upper interconnect is divided into a first interconnect portion having a relatively

large interconnect width and a second interconnect portion having a relatively small

interconnect width,

the via is connected to the second interconnect portion,

at least one dummy portion connected to the upper interconnect is provided on the
first insulating film, and

a distance between the dummy portion and a branch point between the first
interconnect portion and the second interconnect portion is smaller than a distance between
the dummy portion and an edge of the second interconnect portion opposite to the branch

point.

17. The interconnection structure of claim 16, wherein the dummy portion is
connected to the second interconnect portion, and

a distance between the dummy portion and the branch point is smaller than a
distance between the dummy portion and an edge of the second interconnect portion

opposite to the branch point.

18. The interconnection structure of claim 16, wherein the dummy portion is

connected to the first interconnect portion, and
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a distance between the dummy portion and the branch point is smaller than a
distance between the dummy portion and an edge of the second interconnect portion

oppostte to the branch point.

19. The interconnection structure of claim 16, wherein the distance between the

dummy portion and the branch point is 1 pm or less.

20. The interconnection structure of claim 16, wherein the dummy portion has a

shape similar to that of the via or is substantially rectangular in a plan view.

21. The interconnection structure of claim 16, wherein the second interconnect

portion has an interconnect width of 0.20 pm or less.

22. A method for forming an interconnection structure, the method comprising the
steps of:

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect, at
least one dummy hole located near the via hole, and an upper interconnect trench
connected to the via hole and the dummy hole; and

depositing a conductive material in the upper interconnect trench, the via hole and
the dummy hole, thereby forming an upper interconnect, a via for connecting the lower
interconnect and the upper interconnect to each other, and a dummy via connected to the
upper interconnect and insulated from the lower interconnect,

wherein the lower interconnect is formed in a second insulating film under the first

insulating film, and
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the dummy hole is formed such that the bottom of the dummy hole is located in the

second insulating film.

23. The method of claim 22, wherein the via hole and the dummy hole are spaced

at a distance of 1 pm or less.

24. A method for forming an interconnection structure, the method comprising the
steps of:

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect and
an upper interconnect trench connected to the via hole;

depositing a conductive material in the upper interconnect trench and the via hole,
thereby forming an upper interconnect and a via for connecting the lower interconnect and
the upper interconnect to each other;

depositing a second insulating film on the upper interconnect;

forming, in the second insulating film, a dummy hole reaching the upper
interconnect and located near the via; and

depositing a conductive material in the dummy hole, thereby forming at least one

dummy via.

25. A method for forming an interconnection structure, the method comprising the
steps of:

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect and

an upper interconnect trench connected to the via hole; and

62

Page 83



10

15

20

depositing a conductive material in the upper interconnect trench and the via hole,
thereby forming an upper interconnect and a via for connecting the lower interconnect and
the upper interconnect to each other,

wherein the step of forming the via hole and the upper interconnect trench includes
the step of leaving part of the first insulating film in the upper interconnect trench near the

via hole, thereby forming an insulating slit.

26. A method for forming an interconnection structure, the method comprising the
steps of: |

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect, an
upper interconnect trench connected to the via hole and divided into a first trench with a
relatively large width and a second trench with a relatively small width, and a recess
provided near a branch point between the first trench and the second trench; and

depositing a conductive material in the upper interconnect trench, the via hole and
the recess, thereby forming an upper interconnect, a via for connecting the lower
interconnect and the upper interconnect to each other and a dummy portion connected to
the upper interconnect and insulated from the lower interconnect,

wherein a first interconnect portion constituting the upper interconnect is formed in
the first trench and a second interconnect portion constituting the upper interconnect is

formed in the second trench.
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ABSTRACT OF THE DISCLOSURE
A first insulating film is provided between a lower interconnect and an upper
interconnect. The lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film. A dummy via or an insulating slit

5 is formed on/in the upper interconnect near the via.
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* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. Legal Instrument Examiner:
** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JLASHAWN MARKS/

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
12241,896  09/30/2008 2812 1030 079195-0664 20 1
CONFIRMATION NO. 7868
53080 FILING RECEIPT
MCDERMOTT WILL & EMERY LLP
600 13TH STREET, NW RO RO
000000032793480

WASHINGTON, DC 20005-3096
Date Mailed: 11/10/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Takeshi HARADA, Niigata, JAPAN;
Assignment For Published Patent Application

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD., Osaka, JAPAN
Power of Attorney: The patent practitioners associated with Customer Number 20277

Domestic Priority data as claimed by applicant
This application is a DIV of 11/000,904 12/02/2004 PAT 7,439,623

Foreign Applications
JAPAN 2003-404437 12/03/2003

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 10/24/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/241,896

Projected Publication Date: 02/19/2009
Non-Publication Request: No

Early Publication Request: No
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Title

SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS
Preliminary Class

438

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/241,896 09/30/2008 Takeshi HARADA 079195-0664
CONFIRMATION NO. 7868
53080 PUBLICATION NOTICE
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000000034624815

WASHINGTON, DC 20005-3096

Title:SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS

Publication No.US-2009-0045522-A1
Publication Date:02/19/2009

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

53080 7590 08/18/2009 | = INER |

MCDERMOTT WILL & EMERY LLP BROWN, VALERIE N
600 13TH STREET, NW | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20005-3096

2829
DATE MAILED: 08/18/2009

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

12/241,896 09/30/2008 Takeshi HARADA 079195-0664 7868
TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 11/18/2009

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

53080 7590 08/18/2009
Certificate of Mailing or Transmission
MCDERMOTT WILL & EMERY LLP I hereby cerltify that thisﬂfee(fsf) Transmittal isf be%ng dfiposited 1With the Uriited
States Postal Service with sufficient postage for first class mail in an envelope
600 13TH STREET, NW addressed to the Mail Stop ISSUE FEE address above, or being facsimile
WASHINGTON, DC 20005-3096 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/241,896 09/30/2008 Takeshi HARADA 079195-0664 7868
TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 11/18/2009
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BROWN, VALERIE N 2829 438-629000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT %E é:goel\%CE



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
12/241,896 09/30/2008 Takeshi HARADA 079195-0664 7868
53080 7590 08/18/2009 | EXAMINER |
MCDERMOTT WILL & EMERY LLP BROWN, VALERIE N
600 13TH STREET, NW | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 gy

DATE MAILED: 08/18/2009

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101  or
(571)-272-4200.
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Application No. Applicant(s)

. o 12/241,896 HARADA, TAKESHI
VALERIE BROWN 2829

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [] This communication is responsive to
2. X] The allowed claim(s) is/are 27-46.

3. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X Al b)[J Some* c¢)[JNone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date 09/30/08
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20090803
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Application/Control Number: 12/241,896 Page 2
Art Unit: 2829

DETAILED ACTION

REASONS FOR ALLOWANCE

1. The following is an examiner’s statement of reasons for allowance: Claim 27 recites the
limitation forming a dummy hole which is arranged so as to be incapable of having current flow
therethrough, and an interconnect trench connected to the via hole and the dummy hole. These
limitations as well as the other limitations as set forth in the claims are neither taught nor
suggested in the prior art. Claims 28-46 depend from claim 27 and are allowable for at least that
reason.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to VALERIE BROWN whose telephone number is (571)270-5015.
The examiner can normally be reached on Mon-Fri 6:00am-3:30pm EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Ha Nguyen can be reached on (571) 272-1678. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 12/241,896 Page 3
Art Unit: 2829

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Valerie Brown/
Examiner, Art Unit 2829
08/03/09

/Ha T. Nguyen/

Supervisory Patent Examiner, Art Unit 2829
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12241896 HARADA, TAKESHI
H“H“ “ “ Examiner Art Unit
VALERIE BROWN 2829
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
438 629 Hlol|1|L 21 /4763 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 33
2 18 34
3 19 35
4 20 10 36
5 21 11 37
6 22 12 38
7 23 13 39
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11 1 27 17 43
12 2 28 18 44
13 3 29 19 45
14 4 30 20 46
15 5 31
16 6 32
/NALERIE BROWN/
Examiner.Art Unit 2829 08/03/2009 Total Claims Allowed:
20
(Assistant Examiner) (Date)
/HA TRAN T NGUYEN/
Supervisory Patent Examiner.Art Unit 2829 08/03/2009 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 13B

U.S. Patent and Trademark Office

Part of Paper No. 20090803
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

12241896 HARADA, TAKESHI
Examiner Art Unit
VALERIE BROWN 2829
SEARCHED
Class Subclass Date Examiner
438 629 7/28/2009 VNB
SEARCH NOTES
Search Notes Date Examiner
Did an EAST class subclass search 7/28/2009 VNB
Did an EAST text search notes attached 7/28/2009 VNB
Searched refernces of the parent case for this application 7/28/2009 VNB
INTERFERENCE SEARCH
Class Subclass Date Examiner
438 629 7/29/2009 VNB

/NALERIE BROWN/
Examiner.Art Unit 2829

U.S. Patent and Trademark Office

Part of Paper No. : 20090803
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

BIB DATA SHEET
CONFIRMATION NO. 7868

SERIAL NUMBER FILINgAgrrE 371(c) CLASS GROUP ART UNIT ATTORN'\IJE(\)(.DOCKET
12/241,896 09/30/2008 438 2829 079195-0664
RULE
APPLICANTS

Takeshi HARADA, Niigata, JAPAN;

** CONTINUING DATA *+*+essssmiimiinbiohbikins
This application is a DIV of 11/000,904 12/02/2004 PAT 7,439,623

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd
JAPAN 2003-404437 12/03/2003

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

10/24/2008
Foreign Priorty ciaimed M ves LIno STATEOR | SHEETS | TOTAL [INDEPENDENT
35 USC 119(a-d) conditions met b ves N0 | [ Metafter COUNTRY [DRAWINGS [ CLAIMS CLAIMS
Adowlodged  EmmerTSgMwE - | T JAPAN 18 20 1
ADDRESS

MCDERMOTT WILL & EMERY LLP
600 13TH STREET, NW
WASHINGTON, DC 20005-3096
UNITED STATES

TITLE
SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS

|Q All Fees

|0 1.16 Fees (Filing)

FEES: Authority has been given in Paper |
FILING FEE ; ;

RECEIVED |No. to charge/credit DEPOSIT ACCOUNT |2 1.17 Fees (Processing Ext. of time) |

1030 No. for following: |EI 1.18 Fees (Issue) |

|EI Other |

|0 Credit |

BIB (Rev. 05/07).

Page 172



EAST Search History

EAST Search History

EAST Search History (Prior Art)

‘Ref # Hits Search Query DBs Default Plurals {Time Stamp
Operator
AL 1161 {(438/629).CCLS. US OR OFF 2009/08/03
PGPUB; 07:51
USPAT;
EPO; JPO
) 0 dummy adj hole  {US- OR ON 2009/08/03
: and interconect PGPUB; 08:17
USPAT;
; EPO; JPO
iL3 42 dummy adj hole  {US- OR ON 2009/08/03
and interconnect  {PGPUB; 08:17
USPAT;
EPO; JPO
L4 4032 iinterconnect and  {US- OR ON 2009/08/03
: inoperable PGPUB; 08:20
USPAT;
EPO; JPO
5 3 1and 4 us- OR ON 2009/08/03
: PGPUB; 08:21
USPAT;
5 EPO; JPO
L6 128458 (circular circle) us- OR ON 2009/08/03
: same (aquare PGPUB; 08:30
rectangular) same {USPAT;
(plug connect$3) {EPO; JPO
L7 140960 (circular circle) us- OR ON 2009/08/03
: same (square PGPUB; 08:36
rectangular) same {USPAT;
(plug connect$3) {EPO; JPO
L11 0 "dummy and us- OR ON 2009/08/03
: interconnect and  {PGPUB; 08:47
currnet and USPAT;
arranged".cim. EPO; JPO

8/3/2009 8:48:14 AM
C:\ Documents and Settings\ vbrown\ My Documents\ EAST\ Workspaces\ 12241896.

wsp

file:///Cl/Documents%20and%20Settings/vbrown/My%20Docume...2241896/EASTSearchHistory.12241896_AccessibleVersion.htm8/3/2009 8:48:23 AM

Page 173



09/30/08
12241896 - GAU: 2829

SHEET 1 OF 1
ATTY. DOCKET NO. SERIAL NO.
INFORMATION DISCLOSURE 079195-0664 Divisional of U.S. Serial
STATEMENT BY APPLICANT No. 11/000,904
APPLICANT
Takeshi HARADA
(Substitute for form 1449/PTO) FILING DATE GROUP
September 30, 2008 | Not Yet Assigned
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where Relevant
INITIALS NO. Number-Kind Codez (i knowny MM-DD-YYYY Document Passages or Relevant Figures Appear
us 6,717,267 B1 04-06-2004 KUNIKIYO Corresponds with CN 1304175
us 6,919,637 07/2005 HE et al.
us 2002/0145201 10/2002 ARMBRUST et al.
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Transtation
INITIALS CITE Country Codes-Number 4-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
JP 2000-331991 11-30-2000 SONY CORP JAPAN
(w/English
Abstract)
JP 2002-299437 10-11-2002 TOSHIBA CORP JAPAN
(w/English
Abstract)
JP 2000-012688 1-14-2000 SHARP CORP JAPAN
(w/English
Abstract)
2002-033384 01-31-2002 KENJ! et al. X
CN 1304175 07-18-2001 MITSUBISHI ELECTRIC | Corresponds with X
MACHINERY US 6,717,267 B1
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS ciTe | journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published.
NO.
Translation of Notice of Reasons of Rejection
Chinese Office Action issued in Chinese Patent Application No. CN 200410096561.2, dated July 13, 2007.
EXAMINER DATE CONSIDERED
J o oy | B
Nalerie Brown/ 08/03/2008

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

WDC99 1632378-1.079195.0664

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /V.B/
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INFORMATION DISCLOSURE 079195-0664 Divisional of U.S. Serial
STATEMENT BY APPLICANT No. 11/000,904
APPLICANT
Takeshi HARADA
(Substitute for form 1449/PTO) FILING DATE GROUP
September 30, 2008 | Not Yet Assigned
U.S. PATENT DOCUMENTS
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Docket No.: 079195-0664

PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Takeshi HARADA . Confirmation Number: 7868

. Allowed: August 18, 2009
Application No.: 12/241,896

Group Art Unit: 2829

Filed: September 30, 2008 :  Examiner: Valerie Brown

For: SEMICONDUCTOR DEVICE HAViNG VIA CONNECTING BETWEEN
INTERCONNECTS (as amended)

AMENDMENT UNDER 37 C.F.R. §1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
We are in receipt of the Notice of Allowance dated August 18, 2009, issued in connection

with the above-identified application. Applicants respectfully request that the above-identified

application be amended as follows,
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IN THE CLAIMS:

A listing of the claims presented in this patent application appears below. This listing

replaces all prior versions and listing of claims in this patent application.

Claims 1- 26. (Cancelled)

27. (Previously Presented) A method for fabricating a semiconductor device comprising
the steps of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect, a
dummy hole which is arranged so as to be incapable of having current flow therethrough, and an
interconnect trench connected to the via hole and the dummy hole; and

(d) depositing a conductive material in the via hole, the dummy hole and the interconnect

trench, thereby forming a via, a dummy via and a second interconnect.

28. (Previously Presented) The method of claim 27, wherein in the step (a) a first
dummy interconnect is simultaneously formed on the semiconductor substrate, and

in the step (c) the dummy hole is connected to the first dummy interconnect.

29. (Previously Presented) The method of claim 27, wherein in the step (c) the

interconnect trench is comprised of a first interconnect trench portion and a second interconnect

-2.
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trench portion whose width is smaller than that of the first interconnect trench portion and which
branches from the first interconnect trench portion, and

the via hole and the dummy hole are connected to the interconnect trench.

30. (Previously Presented) The method of claim 29, wherein in the step (c) the dummy
hole is connected to the branch point between the first and second interconnect trench portions or

to the interconnect trench near the branch point.

31. (Currently Amended) The semiconductor-deviee method of claim 27, wherein the

first insulating film has a multilayer structure including a SiN film and a SiO, film.

32. (Currently Amended) The semiconductor-deviee method of claim 27, wherein each

of the first and second interconnects is connected to another element or an external electrode.

33. (Currently Amended) The semiconductor-deviee method of claim 27, wherein the

first interconnect has a width smaller than that of the second interconnect.

34. (Currently Amended) The semiconduetor-device method of claim 28, wherein the

first dummy interconnect has a width smaller than that of the second interconnect.

35. (Currently Amended) The semiconductor-deviee method of claim 27, wherein the

via and the dummy via are substantially circular in a plan view.

-3-
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36. (Currently Amended) The semicondueter-deviee method of claim 27, wherein a

planar shape of each of the via and the dummy via is substantially a square.

37. (Currently Amended) The semiconduetor-device method of claim 27, wherein the

first interconnect and the second interconnect extend in a same direction.

38. (Currently Amended) The semiconductor-device method of claim 27, wherein the

dummy via is provided on an extended line along which the first interconnect extends.

39. (Currently Amended) The semiconduetor-deviee method of claim 27, wherein the via

and the dummy via are spaced at a distance of 25 pm or less.

40. (Currently Amended) The semiconductor-device method of claim 27, wherein a

bottom of the dummy via is located deeper than a bottom of the via.

41. (Currently Amended) The semiconduetor-device method of claim 27, wherein the
second interconnect is comprised of a first interconnect portion and a second interconnect
portion whose interconnect width is smaller than that of the first interconnect portion and which
branches from the first interconnect portion, and

the via is connected to the second interconnect portion.
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2. (Currently Amended) The semiconduetor-deviee method of claim 41, wherein the
dummy via is formed at or near the branch point between the first and second interconnect

portions.

43. (Currently Amended) The semiconductor-device method of claim 41, wherein the

dummy via is substantially rectangular in a plan view, and
a longer side of the dummy via and a longer side of the first interconnect portion are

provided along a same direction.

44. (Currently Amended) The semicenduetor-deviee method of claim 27, wherein the

dummy via and the second interconnect are made of the same conductive film.

45. (Currently Amended) The semiconductordeviee method of claim 27, wherein the
dummy via includes a first and second end, the first end connected to the second interconnect

and the second end surrounded by a second insulating film.

46. (Currently Amended) The semiconduetor-deviee method of claim 27, wherein the
dummy via includes a first and second end, the first end connected to the second interconnect
and the second end connected to a first dummy interconnect, the first dummy interconnect being

surrounded by a second insulating film.
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REMARKS

Applicants respectfully request entry of this amendment, pursuant to 37 C.F.R. § 1.312,
so that all pending dependent claims refer to a method as set forth in the underlying independent
claim. If there are any questions regarding this amendment, a telephone call to the undersigned
would be appreciated to expedite the prosecution of the application.

To the extent necessary, a petition for an extension of time under 37 CF.R. §1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.

Respectfully submitted,

' WILL & EMERY LLP

Mich4el E. Hogarty
Registratiogf No. 36,139

600 13™ Street, N.W. Please recpgniz¢ our Customer No. 53080
Washington, DC 20005-3096 as our correspdndence address.

Phone: 202.756.8000 BA:MWE

Facsimile: 202.756.8087

Date: October 19,2009

WDC99 1783046-1.079195.0664
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |

12/241,896 09/30/2008 Takeshi HARADA 079195-0664 7868
53080 7590 11/12/2009 | X ANINER |
MCDERMOTT WILL & EMERY LLP
600 13TH STREET, NW BROWN, VALERIE N
WASHINGTON, DC 20005-3096

| ART UNIT | PAPER NUMBER |

2829
| MAIL DATE | DELIVERY MODE |
11/12/2009 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

o 12/241,896 HARADA, TAKESHI
Response to Rule 312 Communication - -

Examiner Art Unit

VALERIE BROWN 2829

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. [X] The amendment filed on 19 October 2009 under 37 CFR 1.312 has been considered, and has been:
a)[J entered.

b) Xl entered as directed to matters of form not affecting the scope of the invention.

c)[] disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)

and the required fee to withdraw the application from issue.
d)[] disapproved. See explanation below.

e)[J entered in part. See explanation below.

/Ha T. Nguyen/ /Valerie Brown/
Supervisory Patent Examiner, Art Unit 2829 Examiner, Art Unit 2829

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20091108
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/241,896 12/15/2009 7632751 079195-0664 7868
53080 7590 11/24/2009

MCDERMOTT WILL & EMERY LLP
600 13TH STREET, NW
WASHINGTON, DC 20005-3096

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Takeshi HARADA, Niigata, JAPAN;

IR103 (Rev. 10/09)
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SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS
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APPLICATION TYPE  Ultility - Nonprovisional Application PATENT # 7632751
under 35 USC 111(a)

CONFIRMATION # 7868 FILEDBY YiLu
PATENT CENTER # 68437179 FILING DATE  09/30/2008
CUSTOMER # 53080 FIRST NAMED  Takeshi HARADA
INVENTOR
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ADDRESS
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POA.pdf 2 Power of Attorney 1167 KB
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640490544506B855CFEA2797FCED

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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STATEMENT UNDER 37 CFR 3.73(c)
ADVANCED INTEGRATED CIRCUIT PROCESS LLC

Application No./Patent No.: /632751 Filed/Issue Date: December 15, 2009
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ADVANCED INTEGRATED CIRCUIT PROCESS LLC corporation

Applicant/Patent Owner:
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states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1 From: the inventor(s) To: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reel 016067 , Frame 0624 , or for which a copy thereof is attached.

2 From: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 1,. PANASONIC CORPORATION

The document was recorded in the United States Patent and Trademark Office at

Reel 022434 , Frame 0348 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(c)

3 From: PANASONIC CORPORATION To: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reol 052755 0917

, Frame , or for which a copy thereof is attached.

4. From: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD. To: NUVOTON TECHNOLOGY CORPORATION JAPAN

The document was recorded in the United States Patent and Trademark Office at

Reel 067711 0965

, Frame , or for which a copy thereof is attached.

5 From: NUVOTON TECHNOLOGY CORPORATION JAPAN 1,. ADVANCED INTEGRATED CIRCUIT PROCESS LLC

The document was recorded in the United States Patent and Trademark Office at

Reol 068118 0314

, Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Szymon M. Gurda/ November 18, 2024
Signature Date

Szymon M. Gurda 58451

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

8. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.8.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 29086. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-579) requires that you be given certain information n connection with your
subnnission of the attached form related {o a patent application or patent.  Accordingly, pursuant to the
requirements of the Act, please be advised that: {1} the ganeral authority tor the collection of this information is
35 U.8.C. 2{bya)}; {2} furnishing of the information solicited is voluntary; and (3} the principal purpose for which
the information is used by the U.5. Patent and Trademark Office is (o process andfor examine your submission
related 10 a patent application or patent. ¥ you do not furnish the requested information, the U5, Palent and
Traderark Office may not be able 1o process andfor examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of tha patant.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this foret will be treated confidentlally to the extent allowed undar the Freedom of
nformation Act (5 U.B.C. 882} and the Privacy Act {8 UB.C §52a). Records from this system of
records may be disclosad o the Deparment of Justice to detarmine whether disclosure of these
racovds is required by the Fresdom of Information Act.

2. A record from this system of recards may be disclosed, as a routine use, in the course of presenting

avidernce {o a court, magisirate, or adminisirative tribunal, including disclosures to opposing counssl in

the course of seftlement negotiations.

A record in this systern of records may be disclosed, as a routine use, 1o a Member of Congress

submitting a request involving an individual, 1o whom the record perlains, when the individual has

requesiad assistance from the Member with respect 1o the subject matter of the record,

4. A record in this system of records may be disclosed, as a routine use, o a contractor of the Agency
having need for the information in order 1o perform a cordract.  Racipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amendad, pursuant to 5 U.S.C.
552a{m}.

5 A record refated 1o an Itemalional Application filed under the Patent Cooperation Trealy in this
system of records may be disclosed, as a routing use, to the International Bursau of the World
intallectual Property Organization, pursuant 1o the Patert Cooperation Trealy.

8. A record in this system of records may be disclosed, as a rouline use, o another federal agency for
prposes of National Security review {35 U.B.C. 181) and for review pursuant to the Atomic Energy Act
42 U.5.C. 218(c)).

7. Arecord from this system of records may be disclosed, as 2 routine use, 1o the Administrator, General
Services, or histher designee, during an inspection of records conducted by GSA as part of that
agency's responsibility to recommend improvemenis in records managemeni practices and programs,
under authority of 44 U.5.0. 2904 and 2806. Such disclosure shall be made i accordance with the
GEA regulations governing inspection of records for this purpose, and any other refevant (e, GSA or
Commerce) directive. Such disclosure shall not be used 10 make determinations about individuals.

8. A record from this system of records may be disclosad, as a routine use, 1o the public after either
publication of the application pursuant to 35 U.S.C. 122{b} or issuance of a palent pursuant to 35
U.S.0. 151, Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, o tha public if the record was filed in an application which became abandoned or in which the
proceadings weare terminated and which application is referenced by either a published application, an
application open to public Ingpection or an iasusd patent.

9. A record from this system of records may be disclosed, as a rouline use, to a Federal, State, or local
faw enforcement agancy, if the USPTQ becomeas aware of a viclation or potential viciation of law or
regulation.

o
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7 5% UNITED STATES PATENT AND TRADEMARK OFFICE

\\\ E UNITED STATES DEPARTMENT OF COMMERCE
P &\ United States Patent and Trademark Office
“ Address: ggMBM[Et§£ONER FOR PATENTS
O, Box

Alexandria, Virginia 22313-1450
‘www.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/241,896 09/30/2008 Takeshi HARADA 079195-0664
CONFIRMATION NO. 7868
53080 POWER OF ATTORNEY NOTICE
Rimon PC - Panasonic Corporation
8300 Greensboro br. O I A
Suite 500 0OC000000082296023

McLean, VA 22102

Date Mailed: 12/26/2024

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/18/2024.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sltorres/

page 1 of 1
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7 % UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.0. Box 1450
Alexandria, Virginia 22313-1450
g0V

‘www.uspto.

| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/241,896 09/30/2008 Takeshi HARADA 079195-0664
CONFIRMATION NO. 7868
27197 POA ACCEPTANCE LETTER
SZYMON M. GURDA R
903 COMMERCE DR 0OC000000082296034
SUITE 310

OAK BROOK, IL 60523

Date Mailed: 12/26/2024

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/18/2024.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sltorres/

page 1 of 1
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